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PEEFACE TO THE SECOND EDITION. 


So short a time has passed since tlie appearance of the 
first edition that it has not seemed desirable to make 
any important changes. My previous decision not to 
introduce figures of instraments has been so generally 
disapproved, that I have waived my own judgment and 
inserted a number of illustrations, which I trust will be 
found to assist the reader. The areas of the cerebral 
convolutions, in spite of the difficulties Surrounding the 
true interpretation of the phenomena resulting from their 
stimulation, arc of such interest, especially to the medical 
profession, that I have introduced illustrative figures for 
which I have to thank the kindness of Dr Ferrier. 

Otherwise my efforts have been chiefly directed to 
removing inaccuracies and obscurities, in the hope of ren- 
dering the work more worthy of the favour with which 
it has been received. It will be observed that the 
largest changes and additions occur in the small print. 

F. p. b 
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I have to thank Dr Pye- Smith and other friends 
as well as previously unknown correspondents for their 
valuable suggestions ; and I am, as before, greatly 
indebted for the help given me by my former pupils, 
Mr Dew-Smith, Mr Langley, and Mr Lea. 


Trinity College, Casibeiixie, 
Decenjb&r^ 1877 . 
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p. 70, 1. 6 from bottom, for kilogrammeters read pramnictcrs, 
p. 184, 1. 11 from bottom, in the formula for dextrin for 0 read 0^. 
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INTEODUCTORY. 


Among the simpler organisms known to Biologists, perhaps the most 
simple as well as the most common is that which has received the 
name of Amoeba. There are many varieties of Amoeba, and probably 
many of the forms which have been described are, in reality, merely 
amoebiforni phases in the lives of certain animals or plants ; but they 
all possess the same general characters. Closely resembling the 
white corpuscles of vertebrate blood, they are wholly or almost wholly 
composed of undilferentiated protoplasm, in the midst of which lies 
a nucleus, though this is sometimes absent. In many a distinction 
may be observed between a more solid external layer or ectosarCy and 
a more fluid granular interior or endosarc; but in others even this 
primary differentiation is wanting. By means of a continually occur- 
ling flux of its protoplasmic substance, the amoeba is enabled from 
moment to moment not only to change its form but also to shift its 
position. By flowing round the substances which it meets, it, in a 
way, swallows them; and having digested and absorbed such parts 
as are suitable for food, ejects or rather flows away from the use- 
less remnants \ It thus lives, moves, cats, grows, and after a time 
dies, having been during its whole life hardly anything more than 
a minute lump of protoplasm. Hence to the Physiologist it is of 
the greatest interest, since in its life the problems of physiology are 
reduced to their simplest forms. 

Now the study of an amoeba, with the help of knowledge gained 
by the examination of more complex bodies, enables us to state that 
the undifferentiated protoplasm of which its body is so largely com- 
posed possesses certain fundamental vital properties. 

1. It is contractile. There can be little doubt that the changes 
in the protoplasm of an amceba which bring about its peculiar ‘amoB- 
boid* movements, are identical in their fundament^ nature with 
those which occurring in a muscle cause a contraction ; a muscular 
contraction is essentially a regular, an amoeboid movement an irre- 
gular flow of protoplasm. The body of the amoeba may therefore be 
said to be contractile. 

^ Huxley and Martin, Elementary Biology y Lesson in. 


r. P. 
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2. It is irritable and automatic. When any disturbance, such 
as contact with a foreign body, is brought to bear on the amoeba at 
rest, movements result. These are not passive movements, the effects 
of the push or pull of the disturbing body and therefore proportionate 
to the force employed to cause them, but active manifestations of thd 
contractility of the protoplasm; that is to say, the disturbing cause, 
or ‘stimulus,* s(^ts free a certain amount of energy previously latent 
in the protoplasm, and the energy set free takes on the form of 
movement. Any living matter which, when acted on by a stimulus, 
thus suffers an explosion of energy, is said to be ‘irritable.* The 
irritability may, as in the amoeba, lead to movement ; but in some 
cases no movement follows the application of the stimulus to irritable 
matter, the energy set free by the explosion taking on some other 
form (heat, &c.) than movement. Thus a substance may be irritable 
and yet not contractile, though contractility is the most common 
manifestation of irritability. 

The amoeba (except in its prolonged quiescent stage) is rarely at 
rest. It is almost continually in motion. The movements cannot 
always be referred to changes in surrounding circumstances acting as 
stimuli; in many cases the energy is set free in consequence of 
internal changes, and the movements which result are called spon- 
taneous or automatic^ movements. We may therefore speak of the 
protoplasm of the amoeba as being irritable and automatic, 

3. It is receptive and assimilative. Certain & ibstances serving 
as food are received into the body of the amoeba, and being there in 
large measure dissolved, become part aiid parcel of the body of the 
amoeba, become in fact fresh protoplasm. 

4. It is metabolic^ and secretory. Pari pami with the recep- 
tion of new material, there is going on an ejection of old material, 
for the increase of the amoeba by the addition of food is not indefinite. 
In other words, the protoplasm is continually undergoing chemical 
change (metabolism), room being made for the new protoplasm by the 
breaking up of the old protoplasm into products which arc cast out 
of the body and got rid of. These products of metabolic action have 
in all probability subsidiary uses. Some of them, for instance, we 
have reason to think are of value for the purpose of dissolving and 
effecting other preliminary changes in the raw food mechanically 
introduced into the body of the amoeba; and hence are retained 
within the protoplasm for some little time. Such products are gene- 
rally spoken of as ‘secretions.* Others which pass more rapidly away 

^ This word has recently acquired a meaning almost exactly opposite to that which 
it originally bore, and an automatic action is now by many understood to mean nothing 
more than an action produced by some machinery or other. In this work I use it in the 
older sense, as denoting an action of a body, the causes of which appear to lie in the 
body itself. It seems preferable to ‘spontaneous,^ inasmucdi as it does not necessarily 
carry with it the idea of irregularity, and bears no reference to a ‘will.* 

* This term Was introduced by Schwann (1839), Micros, Untersuch, p. 229. 
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are generally called 'excretions/ The distinction between the two is 
an unimportant and frequently accidental one. The energy expended 
in the movements of the amceba is supplied by the chemical changes 
going on in the protoplasm, by the breaking up of bodies possessing 
'much latent energy into bodies possessing less. Thus the metabolic 
changes which the food undergoes in passing through the protoplasm 
of the amoeba (as distinguished from the undigested stuff mechani- 
cally lodged for a while in the body) arc of three classes: those pre- 
paratory to and culminating in the conversion of the food into 
protoplasm, those concerned in the discharge of energy, and those 
tending to economise the immediate products of the second class of 
changes by rendering them more or less useful for the first. 

5. It is respiratory. Taken as a whole, the metabolic changes 
are pre-eminently processes of oxidation. One article of food,?^e. one 
substance taken into the body, viz. oxygen, stands a])art from all 
the rest, and one product of metabolism peculiarly associated with 
oxidation, viz. carbonic acid, stands also somewhat apart from all the 
rest. Hence the assumption of oxygen and the excretion of carbonic 
acid, together with such of the metabolic processes as arc more 
especially oxidative, are frequently spoken of together as constituting 
the respiratory processes. 

6. It is reproductive. The individual amoeba represents a unit. 
This unit, after a longer or shorter life, having increased in size by 
the addition of new protoplasm in excess of that which it is con- 
tinually using up, may, by fission (or by other means) resolve itself 
into two (or more) parts, each of which is capable of living as a fresh 
unit or individual. 

Such are the fundamental vital qualities of the protoplasm of an 
amoeba; all the facts of the life of an amceba are manifestations of 
these protoplasmic qualities in varied sequence and subordination. 

The higher animals, we learn from morphological studios, may be 
regarded as groups of amoebaB peculiarly associated together. All the 
ihysiological jhenomena of the higher animals arc similarly the 
results of these fundamental qualities of protoplasm peculiarly asso- 
ciated together. The dominant principle of this association is the 
physiological division of labour corresponding to the morjdiological 
differentiation of structure. Were a larger or ‘higher’ animal to 
consist simply of a colony of undifferentiated anueba^, one animal 
differing from another merely in the number of units making up the 
mass of its body, without any differences between the individual 
units, progress of function would be an impossibility. The accumu- 
lation of units would be a hindrance to welfare rather than a help. 
Hence, in the evolution of living beings through past times, it has 
come about that in the higher animals (and plants) certain groups of 
the constituent amoebiform units or cells have, in company with a 
change in structure, been set apart for the manifestation of certain 

1—2 
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only of the fundamental properties of protoplasm, to the exclusion or 
at least to the complete subordination of the other properties. 

These groups of cells, thus distinguished from each other at once 
by the differentiation of structure and by the more or less marked, 
exclusiveness of function, receive the name of ‘tissues.’ Thus the 
units of one class are characterized by the exaltation of the con- 
tractility of their protoplasm, their automatism, metabolism and 
reproduction being kept in marked abeyance. These units con- 
stitute the so-called muscular tissue. Of another tissue, viz. the 
nervous, the marked features are irritability and automatism, with 
an almost complete absence of contractility and a great restriction 
of the other qualities. In a third group of units, the activity of the 
protoplasm is largely confined to the chemical changes of secretion, 
contractility and automatism (as manifested by movement) being 
either absent or existing to a very slight degree. Stich a secreting 
tissue, consisting of epithelium-cells, forms the basis of the mucous 
membrane of the alimentary canal. In the kidney, the substances 
secreted by the cells being of no further use, are at once ejected from 
the body. Hence the renal tissue may be spoken of as excretory. In 
the epithelium-cells of the lungs, the protoplasm plays an altogether 
subordinate part in the assumption of oxygen and the excretion of 
carbonic acid. Still we may perhaps be permitted to speak of the 
pulmonary epithelium as a respiratory tissue. 

In addition to these distinctly secretory ot Excretory tissues, 
there exist groups of cells specially reserved for the carrying on of 
chemical changes, the j)roducts of which are neither cast out of the 
body, nor collected in cavities for digestive or other uses. The work 
of these cells seems to be of an intermediate character; they are en- 
gaged either in elaborating the material of food that it may be the 
more easily assimilated, or in preparing used up material for fimal 
excretion. They receive their material from the blood and return 
their products back to the blood. They may be called the metabo- 
lic tissues par excellence. Such are the fat-cells of adipose tissue, 
the hepatic cells (as far as the work of the liver other than the secre- 
tion of bile is concerned), and in general the blood. 

Each of the various units retains to a greater or less degree the 
power of reproducing itself, and the tissues generally are capable of 
regeneration in kind. But neither units nor tissues can reproduce 
other parts of the organism than themselves, much less the entire 
organism. For the reproduction of the complex individual, certain units 
arc set apart in the form of ovary and testis. In these all the pro- 
perties of protoplasm are distinctly subordinated to the work of growth. 

Lastly, there are certain groups of units, certain tissues, which 
are of use to the body of which they form a part, not by reason of 
their manifesting any of the fundamental qualities of protoplasm, 
but on account of the physical and mechanical properties of certain 
substances which their protoplasm has been able by virtue of its 
metabolism to manufacture and to deposit. Such tissues are bone, 
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cartilage, connective tissue in large part, and tlie greater portion of 
the skin. 

We may therefore consider the complex body of a higher 
^animal as a compound of so many tissues, each tissue correspond- 
ing to one of the fundamental qualities of protoplasm, to the develop- 
ment of which it is specially devoted by the division of labour. It 
must however be remembered that there is a distinct limit to the 
division of labour. In each and every tissue, in addition to its 
leading quality, there are more or less pronounced remnants of all 
the other protoplasmic qualities. Thus, though we may call one 
tissue par excellence metabolic, all the tissues are to a greater or 
less extent metabolic. The energy of each, whatever be its particular 
mode, has its source in the breaking up of the protoplasm. Chemical 
changes, including the assumption of oxygen and the production com- 
plete or partial of carbonic acid and therefore also entailing a cer- 
tain amount of secretion and excretion, must take place in each and 
every tissue. And so with all the other fundamental properties of 
protoplasm; even contractility, which for obvious mechanical reasons, 
is soonest reduced where not wanted, is present in many other 
tissues besides muscle. And it need hardly be said that each tissue 
retains the power of assimilation. However thoroughly the material 
of food be prepared by digestion and subscciucnt metabolic action, 
the last stages of its conversion into living protoplasm are effected 
directly and alone by the tissue of which it is about to form a part. 

Bearing this qualification in mind, we may draw up a physio- 
logical classification of the body into the following fundamental 
tissues: — 


1 . 

2 . 

a 


4 . 


5 . 

6 . 


The eminently contractile; the muscles. 

„ „ irritable and automatic; the nervous system. 

„ „ secretory, or excretory ; digestive, urinary, and 

pulmonary &c., epithelium. 

„ „ metabolic; fat-cells, hepatic cells, lymphatic 

and ductless glands, &c, 

„ „ reproductive; ovary, testis. 

The indifferent or mechanical; cartilage, bone, &c. 


All these separate tissues, with their individual characters, are 
however but parts of one body; and in order that they may be 
true members working harmoniously for the good of the whole, and 
not isolated masses each serving its own ends only, they need to be 
bound together by co-ordinating bonds. Some means of communica- 
tion must necessarily exist between them. In the mobile homo- 
geneous body of the amenba, no special means of communication 
are required. Simple diffusion is suflScient to make the material 
gained by one part common to the whole mass, and the native 
protoplasm is physiologically continuous, so that an explosion set 
up at any one point is immediately propagated throughout the 
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whole irritable substance. In the higher animals, the several tissues 
are separated by distances far too great for the slow process of 
diffusion to serve as a sufficient means of communication, and their 
primary physiological continuity is broken by their being imbedded 
in masses of formed material, the product of the indifferent tissues, 
which being devoid of irritability, present an effectual barrier to the 
propagation of molecular explosions. It thus becomes necessary that 
in the increasing complexity of animal forms, the process of differen- 
tiation should be accompanied by a corresponding integration, that 
the isolated tissues should be made a whole by bonds uniting them 
together. These bonds moreover must be of two kinds. 

In the first place there must be a ready and rapid distribu- 
tion and interchange of material. The contractile tissues must be 
abundantly supplied with material best adapted by previous elabora- 
tion for direct assimilation, and the waste products arising from 
their activity must be at once carried away to the metabolic or 
excretory tissues. And so with all the other tissues. There must 
be a free and speedy intercourse of material between each and all. 
This is at once and most easily effected by the regular circulation of 
a common fluid, the blood, into which all the elaborated food is 
discharged, from which each tissue seeks what it needs, and to 
which eacli returns that for which it has no longer any use. Such 
a circulation of fluid, being in large measure a mechanical matter, 
needs a machinery, and calls forth an expenditure of energy. The 
machinery is supplied by a special construction of the primary 
tissues, and the eiiergj^ is arranged for by the presence among these 
of contractile and irritable matter. Thus to the fundamental tissues 
there is added, in the higher animals, a vascular bond in the shape 
of a mechanism of circulation. 

In the second place, no less important than the interchange of 
material is the interchange of energy. In the amoeba the irritable 
surface is physiologically continuous with the more internal proto- 
plasm, while each and every part of the body has automatic powers. 
In the liigher animal, portions only of the skin remain as eminently 
irritable or sensitive structures, while automatic actions are chiefly 
confined to a central mass of irritable or nervous matter. Both forms 
of irritable matter are separated by long tracts of indifferent material 
from those contractile tissues, through which they chiefly manifest the 
changes going on in themselves. Hence the necessity for long strands 
of eminently irritable tissue to connect the skin and contractile tissues 
as well with each other as with the automatic centres. Similar 
strands are also needed, though perhaps less urgently, to connect the 
other tissues with these and with each other. To the vascular bond 
there must be added an irritable bond, along the strands of which 
impulses, set up by changes in one or another part, may travel in 
determinate courses for the regulation of the energy of distant 
spots. In other words, part of the irritable tissues must be specially 
arranged to form a coordinating nervous system. 
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Still further complications have yet to be considered. In the life 
of a minute homogeneous amoeba, possessing no special form or struc- 
ture, there is little scope for purely mechanical operations. As how- 
ever we trace out the gradual development of the more complex 
animal forms, we see coming forward into greater and greater pro- 
minence the arrangement of the tissues in definite ways to secure 
mechanical ends. Thus the entire body acquires particular shapes, 
and parts of the body are built up into mechanisms, the actions 
of which are to the advantage of the individual. Into the composi- 
tion of these mechanisms or ‘organs’ the active fundamental tissues, 
as well as the passive or indifferent tissues, enter ; and the working of 
each mechanism, the function of each organ, is dependent partly on 
the mechanical conditions offered by the passive elements, partly on 
the activity of the active elements. The vascular mechanism, of 
which we have just spoken, is such a mechanism. Similarly the 
urgent necessity for the access of oxygen to all parts of the body, 
has given rise to a complicated respiratory mechanism; and the 
needs of copious alimentation, to an alimentary or digestive me- 
chanism. 

Further, inasmuch as muscular movement is one of the chief 
ends, or the most important means to the chief ends of animal life, 
we find the animal body abounding in motor mechanisms, in which 
the prime mover is muscular contraction, while the machinery is sup- 
plied by complicated arrangements of muscles with such indifferent 
tissues as bone, cartilage, and tendon. In fact, the greater part of 
the animal body is a collection of muscular machines, some serving 
for locomotion, others for special mancBuvres of particular members 
and parts, others as an assistance to the senses, and yet others for 
the production of voice, and in man, of speech. 

Lastly, the simple automatism of the amoeba, wdth its simple 
responses to external stimuli, is replaced in the higher animals by 
an exceedingly complex volition affected in multitudinous ways by 
influences from the world without; and there is a correspondingly 
complex central nervous system. And here we meet with a new 
form of differentiation unknown elsewhere. While the contractility 
of the amoebal protoplasm differs at the most but slightly from the 
contractility of the vertebrate striated muscle, there is an enormous 
difference between the simple irritability of the amoeba and the com- 
plex action of the vertebrate nervous system. Excepting the nervous 
or irritable tissues, the fundamental tissues have in all animals 
exactly the same properties, being, it is true, more acute and perfect 
in one than in another, but remaining fundamentally the same. 
The elementary muscular fibre of a mammal is at most a mass of 
but slightly differentiated protoplasm, forming a whole physio- 
logically continuous, and in no way constituting a mechanism. 
Each fibre is a counterpart of all others; and the muscle of one 
animal differs from that of another in such particulars only as 
are wholly subordinate. In the nervous tissues of the higher 
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animals, on the contrary, we find properties unknown to those of the 
lower ones, and in proportion as we ascend the scale, we observe an 
increasing differentiation of the nervous system into unlike parts. 
Thus we have, what does not exist in any other tissue, a mechanism, 
of nervous tissue itself, a central nervous mechanism of complex 
structure and complex function, the complexity of which is due 
not primarily to any mechanical arrangements of its parts, but to 
the further differentiation of that fundamental quality of irritability 
and spontaneity which belongs to all irritable tissues, and to all 
native protoplasm. 

In the following pages I propose to consider the facts of physio- 
logy very much according to the views which have been just sketched 
out. The fundamental properties of most of the elementary tissues 
will first be reviewed, and then the various special mechanisms. 
It will be found convenient to introduce early the account of the 
vascular mechanism, and of its nervous coordinating mechanism, 
while the mechanisms of respiration and alimentation will be best 
considered in connection with the respiratory and secretory tissues. 
The description of the purely motor mechanisms will be brief, and, 
save in a few instances, confined to a statement of general principles. 
The special functions of the central nervous system, including the 
senses, must of necessity be considered by themselves. The tissues 
and mechanism of reproduction naturally form the subject of the 
closing chapter. 
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BLOOD. 

Blood is a tissue of wliich the corpuscles are the essential and 
active elements, while the plasma is a liquid matrix. It may be 
compared to a cartilage, the firm matrix of which has become lique- 
fied, so that the cartilage- corpuscles are perfectly free to move about. 
Of the two kinds of corpuscles, the white, seeing that tliey alone 
exist in many invertebrata, must be regarded as the original and 
proper cellular elements. The red corpuscles are forms which have 
been specially modified for respiratory and other purposes. In re- 
garding, however, blood as a tissue, we find that it differs from tlie 
other tissues in possessing no one characteristic property. The pro- 
toplasm of the wliite corpuscles is native undiflFerentiated protoplasm, 
in no respect fitted for any special duty; as far as we know at present, 
the white corpuscles are in reality embryonic structures concerned 
chiefly in the production of other forms, such as red corpuscles and, 
it may be, under certain conditions, various elements of the other 
tissues. The red corj3usclcs have a definite respiratory function; but 
these form a part only of the blood. The largest portion of the blood, 
the whole mass of the plasma, is an unorganized fluid with no proper 
jdiysiological (vital) properties of its own. Its function is to serve as 
the g reat medium of exchange between all the tissues of the body. It, 
together with lymph (whether in the lymph-canals or in the inter- 
stices of the tissues), may, as Bernard has suggested, be regarded as an 
internal medium bearing the same relations to the constituent tissues 
that the external medium, the world, does to the whole individual. 
Just as the whole organism lives on the things around it, its air and 
its food, so the several tissues live on the complex fluid by which they 
are all bathed and which is to them their immediate air and food. 
Hence the composition and the characters of blood must be for ever 
varying in different parts of the body and at different times. The 
changes which blood is known to undergo in passing through the 
various tissues will best be dealt with when those tissues and organs 
are under consideration. At present it will be sufficient to treat of — 
1st, the general chemical composition of Blood; 2nd, the phenomena 
of its coagulation; 3rd, the history of its corpuscles; 4th, the total 
quantity of blood in the body. 
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Sec. 1. The Chemical Composition of Blood. 

Blood, within the living vessels, is a fluid; but when shed, or 
after the death of the vessels, becomes solid by the process known as 
coagulation. The average specific gravity of human blood is 1055, 
varying from 1045 — 1075 within the limits of health. It has an 
alkaline reaction, which in shed blood rapidly diminishes up to the 
onset of coagulation. 

Blood may, in general terms, be considered as consisting bywe^it 
of more than one- third, and less than onediaj-f of corpusclesTthe rest 
being plasma, the corpuscles being supposed to retain the amount of 
water proper to them. 

Hoppe-Seyler pfives, in 1000 parts of the venous blood of the horse, 
Corpuscles, 32 G, Phisma, 674; C. Schmidt \ in human blood, Corpuscles, 
513, Plasma, 487*. 

In coagulation, see Sec. 2, a substance called fibrin forms with 
the corpuscles the clot; and the plasma becomes, by the loss of the 
fibrin or fibrin-factors, converted into serum. The average quantity 
of jfibrin in human blood is said to be *2 p. c., but the amount which 
can be obtairu'd from a given quantity of plasma varies extremely ; 
the variation being due not only to circumstances affecting the blood, 
but also to the method employed. 

Since serum is nothing but blood-plasma deprived of its fibrin- 
factors, it will be best to consider the chemical com losition of serunx 
alone. 

Composition of serum. In 100 parts of serum there are in round 
numbers Water 90 parts 

Proteid Substances 8 to 9 „ 

Fat, Extractive, and Saline Matters 2 to 1 „ 

Of the Proteid’ substances the great mass consists of the so-called 
s erum-album in, but there are present also small quantities of fibrino- 
plastin or fibrinoplastic globulin, which may be precipitated by passing 
a stream of carbonic acid through diluted serum, and of alkali albu- 
minate or serum casein , which after removal of the globulin may be 
thrown down by dilute acetic acid, and which is totally devoid of 
fibrinoplastic powers. 

The fats, which are scanty, except after a meal or in certain patho- 
logical conditions, are the neutral fats, s tearin , pal mitjn , and olein, with 
a certain quantity of their respective alkaline^ soaps. Lecithin and 
c l|Qlesterin occur in very small quantities only. Among the extrac- 
tives* present in serum may be put down all the nitrogenous and 
other substances which form the extractives of the body and of food, 

^ Characteristic der Cholera^ p. 3, 

• For the various methods of determination see Hoppe-Seyler, JJdb. Analyse, p, 327. 

’ For detailed aoooants of the characters of the several chemical substances men- 
tioned in this and succeeding chapters consult the Appendix under the appropriate 
headings. 

* Tliis word is used to denote soluble substances of varied origin and nature, occur- 
ring in small quantities, and therefore requiring to be * extracted’ by special means. 
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such as ^a, k reat in, siigar, la ctic aci d. &c. A very large number of 
these have been "discovered in the blood under various circumstances, 
the consideration of which must be left for the present. The peculiar 
odour of blood-serum is probably due to the presence of volatile 
bodies of the fatty acid series. The faint yellow colour of serum is 
due to a special yellow pigment. The most characteristic and impor- 
tant chemical feature of the saline constitution of the serum is the 
pr eponderance of sodium salt s over those of potassium. In this re- 
apect the serum offers a marked contrast to the corpuscles (see below). 
Less marked, but still striking, is the abund ance of chlorides and the 
poverty of phosphates in the serum as compared with the corpuscles. 
The salts may in fact briefly be described as consisting chiefly of 
so^um chloric] e. with small quantities of sodi um cn.rbo nnt,o. sqdiupi 
sujphato, s odium phosphate, calcium phosphare. and magnesium "phos- 
pEate. 

Composition of the red corpuscles. The corpuscles contain less 
water than the serum. In 100 parts of wet corpuscles there are of 
Water 5(5*5 parts 

Solids 43*5 „ 

The solids are almost entirely organic matter, the inorganic salts in 
the corpuscles amounting to less than 1 p. c. Of the organic matter 
again by far the larger part consists of lisemoglobin. In 100 parts of 
the dried organic matter of the corpuscles of human blood, JiidelP 
found, as the mean of two observations, 

Hijemoglobiu 90*54 Lecithin *54 

Proteid Substances 8*(57 Cholestorin *25. 

The composition and properties of ha3moglobin will bo considered in 
connection with respiration. Of the proteid substances which fonn 
the stroma of the non-nucleated red corpuscles this much may be said, 
that they belong to the globulin family. The amount of fibrinoplas- 
tic globulin, and the exact nature of the other members of the group 
present, must be considered as yet undetermined. As regards the in- 
organic constituents, the corpuscles are distinguished by the relat ive 
abundance of the salts of potassium and of phosphates. 

The distribution of inorganic salts in blood may bo seen from the follow 
ing analysis by C. Schmidt* of the ash of plasma and corpuscles respectively 


In 1000 parts Corpuscles. 

Tu 1000 parts Plasma. 

Potassium chloride 

3-679 

Potassium chloride 

•359 


sulphate 

•132 

„ Buli)hate 

. -281 

» 

phosphate 2*343 


Sodium 


•633 

Sodium phos 2 )hate 

•271 

Calcium 


•094 

Calcium „ 

•298 

Magnesium „ 

•060 

Magnesium „ 

•218 

Soda 


•341 

Soda 

1*632 




Sodium chloride 

5546 



7-282 


8*505 

1 

Hoppe.Seyler, Untersuch. in. 

890, • Op. ciU 




14 


COAGULATION OF BLOOD. 


[Book i. 


It must be remembered that the arrangement of bases and acids in such 
an analysis is an artificial one, and moreover, that the ash does not repr(‘- 
sent the inorgiinic salts )>resent in a natural condition in the blood. Thus 
for instance, the pho8i>hates in the ash are largely derived by oxidation 
fi*om the phosphorus present in the lecithin, and the sulphates similarly 
from the sulphur of jirott*i<l substances. On the otlier hand, carbonic anhy- 
dride is absent frt>m tlie above table, though carbonates undoubtedly exist 
in the serum, Fix^e soda is put down os a constituent of the ash, }>ecauHe 
in the ash the bases pre]>onderate over the acids (even wluui carbonic 
anhydride is reckoneil with them) ; this alone shews how little the salts of 
the ash cori’espond to those really present in the Idotxl. Among the natural 
saline constituents of serum may be enumcu’ated sodium chloride, caleic 
]>]iORphate, which is enabled to exist in a state of solution in the alkaline 
blooil by I'eason of its l)eing combined in some way or other witli the pn»- 
teids, and sodium carbonate. 

Composition of the white corpuscles. If it b<> ])ovinitt('d to inf. r 

the com{H>sition of the wliite corjaiscles from that of the pus corpuscles 
which th<*y so closely resemble, they would seem to consist of* — 

1. Si'venil proteid substances, viz. ordinary albumin, an albumin like 
that of nuisclc coagulating at 48'*, an alkali albumin, a subst.'incc eIos(*ly 
resembling myosin and yet diilering from it, and a j>eculiar form of j>i‘oteid 
material soluble with ditliculty in hydrochloric acid. The nuclei contain 
nuclein. Sec Appendix. 

2. Ijecithin, exti-activcs, glycogen, and inorganic salts, there Wing in the 
lUsh a preponderance of potiissium stilts and of phosphates ; after the death 
of the corpuscle the glycogen appears to be convtu’tcd i to sugar. 

Both the corpuscles and the plasma (or sonim) contain gast'S. 
These will be considered in connection with respiration, 
t The main facts of interest then in the chemical composition of the 
blood are as follows. The red corpuscles consist childly of haemoglo- 
bin. The solids of serum consist chiefiy of serinn-albumin, the quan- 
tity of fibrin factors and of alkali albuminate being small. The serum 
‘ or plasma contrasts with the corpuscles, inasmucli as tlie formiT 
contains chiefly eliloridcs and sodium salts while the latter are richer 
in phosphates and potassium salts. The extractives of the blood are 
remarkable rather for their number and variability than for their 
abundance, the most constant and important being perhaps urea, 
kreatin, sugar, and lactic acid. 

Sec. 2, The Coaoitlation of Blood. 

Blood, when shed from the bIood-ve.ssels of a living body, is 
perfectly fluid. In a short time it becomes vlacid ; it flows less 
readily from vessel to vessel. The viscidity increases rapidly until 
the whole mass of blood under observation becomes ajipmpletjfijidJy. 
The vessel into which it has been shed,, can at this stage be inverted 
without a drop of the blood being spilt. The jelly is of the same 

^ Micscher. Hoppe-Seyler, Untersuchungenf iv. 411. 
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bulk as the previously fluid blood, and if forcibly removed, presents a 
complete mould of the interior of the vessel. If the blood in this 
jelly stage be left untouched in a ^lass vessel, a few drops of an 
almost colourless fluid soon make their appearance on the surface of 
the jelly. Increasing in number, and running together, the drops 
after a while form a superficial layer of pale straw-coloured fluid. 
Later on, similar layers of the same fluid are seen at the sides and 
finally at the bottom of the jelly, which, shrunk to a smaller size 
and of firmer consistency, now forms a clot or crassamentum, floating 
in a perfectly fluid serum. The shrinking and condensation of the 
clot, and the corresponding increase of the serum, continue for some 
time. The upper surface of the clot is generally cupped. A portion of 
the clot examined under the microscope is seen to consist of a feltwork 
of fine granular fibrils, in the meshes of which are entangled the red 
and white corpuscles of the blood. In the serum nothing can be 
seen but a few stray corjiuscles. 

In man, blood when shed becomes viscid in about two or throe 
mim^ij^s, and enters the jejly-stage in about five or ten minutes. 
After the lapse of another few minutes the first drops of serum are 
seen, and coagulation is generally complete in from one to several 
hours. The times however will be found to vaiy according to the 
condition of the individual, the temperature of the air, and the 
size and form of the vessel into which the blood is shed. Among 
animals the rapidity of coagulation varies exceedingly in different 
species. The blood of the horse cos ;ulatcs with remarkable slow- 
ness ; so slowly indeed that many a the red cor|)uscles (these are 
specifically heavier tliaii the plasi a) have time to sink before 
viscidity sets in. In consequence there appears on the surface of 
the blood an upper layer of colourless plasma, containing in its 
deeper portions many colourless corpuscles (which are lighter than 
the red). This layer clots like the other parts of the blood, forming 
tlie so-called ‘bufly coat.’ A sinj lar buffy coat is sometimes seen in 
the blood of man, in inflammatory conditions of the body. 

This buffy coat makes its appearance in horse’s blood even at the 
ordinary temperature of the air. If a portion of horse’s blood be 
surrounded by a cooli ng mixtur e of ice and salt, and thus kept at 
abo ut C., coagulation may bo almost indefinitely postponed. Under 
these circumstances a more complete descent of the corpuscles takes 
place, and a considerable quantity of colourless transparent plasma 
free from blood-corpuscles may be obtained. A portion of this 
plasma removed from the frt ezing mixture clots exactly as does the 
entire blood. It first becomes viscid and then forms a jelly, which 
subsequently separates into a colourless shrunken clot and scrum. 
This shews that the corpuscles are not an essential part of the clot. 

If a few cubic centimetres of the same plasma be diluted with ^ 
times, its bulk, of a * 75 p.c. solution of sodium chloride^ coagulation is 

^ A solution of sodium chloride of this strength will hereafter he spoken of as 
* normal saline solutioi^.’ 
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much retarded^ and the various stagea may be more easily watched* 
As the fluid is becoming viscid, fine fibrils of fibrin will be seen to be 
developed in it, especially at the sides of the containing vessel As 
these fibrils multiply in number, the fluid becomes more and more of 
the consistence of a jelly, and at the same time somewhat opaque. 
Stirred or pulled about with a needle, the fibrils shrink up into a small 
opaque stringy mass; and a very considerable bulk of the jelly may by 
agitation be resolved into a minute fragment of shrunken fibrin floating 
in a quantity of what is really diluted serum* If a specimen of such 
diluted plasma be stirred from time to time, as soon as coagulation 
begins, with a needle or glass rod, the fibrin may be removed piecemeal 
as it forms, and the jelly-stage may be altogether done away with. 
When fresh blood which has not yet had time to coagulate is stirred or 
W'hipped with a bundle of rods (or anything presenting a large 
amount of rough surface), no jelly-like coagulation takes place, but 
the rods become covered with a mass of shrunken fibrin. Blood thus 
whipped until fibrin ceases to be deposited, is found to have entirely 
lost its power of coagulation. Putting all these facts together, it is 
ivery clear that the coagulation of blood is due to the appearance in 
Khe plasma of fine fibrils of fibrin. As long as these are scanty, the 
^ blood is simply viscid. When they become sufficiently numerous, 
they give tlie blood tlic firmness of a jelly. Soon after their forma- 
tion they begin to shrink ; and in their shrinking enclose in their 
meshes the coq)uscles, but squeeze out tlie remaining fluid parts of 
the blood. Hence the a])pearance of the shninke coloured clot and 
the colourless serum. 

Fibrin, whether obtained by whipping freshly-shed blood, or by 
washing a normal clot, or a clot obtained from colourless plasma, 
^icxhibits the same general characters. It is a proteid ; and gives the 
[ordinary proteid reactions. It it insoluble in water and in dilute 
j saline solutions ; and though it swells up in dilute hydrochloric acid, 
fit is not thereby appreciably dissolved (see Appendix). 

IMinor difierences have been stated to exist in the characters of fibrin 
obtained, in various ways and from various Bounces, ex gr. by whipping or by 
washing a blood-clot, from venous or from arterial blood. But these differences 
are unimportant. The character are said to vary also in different animals. 

Coagulation then is due to the appearance in the blood-plasma of 
a substance, fibrin, which previously did not exist there as such. 
Such a substance must have antecedents, or an antecedent — what 
are they, or what is it ? 

If blood be received direct from the blood-vessels into one- 
third its bulk of a saturated solution of some neutral salt, such as 
magnesium sulphate, and the two gently but thoroughly mixed, 
coagulation, especially at a moderately low temperature, will be 
deferred for a very long time. If the mixture be allowed to stand, 
the coipuscles will sink, and a colourless plasma wiU be obtained 
similar to the plasma gained from horse’s blood by cold, except thc^t 
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it contains an excess of the neutral salt. The presence of the neutral 
salt has acted in the same direction as cold : it has prevented the 
occurrence of coagulation. It has not destroyed the fibrin ; for if 
some of the plasma be diluted with ten or more times its bulk 
of water, it will coa^late speedily in quite a normal fashion, with 
the production of quite normal fibrin. 

If some of the colourless transmr ent plasm a, obtained cither bv 
the action of neutral salts from anylblood, or by the help of cold from 
horse's blood, be treated^with some solicLneutcal salt, such as sodium 
chloride, tojML turation. a white flal^..somewhat stTcKy precipitate will 
make its appearance. If this precipitate be removed, the fluid is no 
longer coagulablc (or very slightly so), even though the neutral snlt 
present be removed by dialysis, or its influence lessened by dilution. 
With the removal of the substance precipitated, the plasma has lu^»t 
its power of coagulating. 

If the pr^cipita^ Jtself, after being washed with a saturatnd 
solution of the neutral salt (in which it is insoluble) so as to get lid 
of all serum and other constituents of the plasma, be treated witli a 
small quantity of water, it readily dissolves, and the solution rapidly 
filteredf gives a clear colourless filtrate, which is at first perfectly fluid. 
Soon, however, the fluidity gives way to viscidity, and this in turn to a 
j'elly condition, and finally the j(*Ily shrinks into a clot Boating in a 
clear fluid; in other words, the filtrate clots like plasma Thus there j 
is present in cooled plasma, and in plasma kept from clotting by the j 
presence of neutral salts, a something, precipitable by saturation with 
neutral salts, a something which, since it is soluble in water, pr in 
very dilute saline solutions, cannot be fibrin itself, but which in 
solution speedily gives rise to the appearance of fibrin. To this sub- i 
stance its discoverer, Denis', gave the name of plnsinine. We are 
justified in saying that the coagulation of blood is due to the con- 
version of plasmine into fibrin. 

The question now arises, What is the exact nature of plasmine ? 
Is it for instance a mixture of two or more substances which by their 
interaction produce fibrin? This view is suggested by the fact that 
plasmine cannot be kept in solution for any length of time without 
changing into fibrin, except when submitted to certain influences, 
such as cold. It is moreover supported by the following facts. 

The disease known as hydrocele is characterized by the presence 
in the tunica vaginalis (or serous sac of the testis) of an abnormal 
and often very considerable quantity of a clear, colourless, or faintly 
yellow fluid very similar to the serum of clotted blood. This secre- 
tion, when drawn from the living body without admixture of blood, 
will in the great majority of cases remain perfectly fluid, and enter 
into decomposition without having shewn any tendency whatever to 
clot. In a few exceptional cases a coagulation, generally slight, but 
quite similar to that of colourless blood-plasma, may be observed. 


F. P, 


^ Ann, d, Scu Nat,, (iv.) z. p. 25. 
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If a small quantity of hydrocele fluid which has been observed 
not to clot spontaneously be mixed with some serum or whipped 
blood, the mixture will after a longer or shorter time clot in a com- 
pletely normal manner. That is to say, two fluids neither of which 
apart clot spontaneously, will clot spontaneously when mixed togethoA 
III some cases no clot is formed; specimens of hydrocele fluid are 
occasionally met with in which coagulation cannot be thus produced. 
If serum be tieated to saturation with solid sodium chloride, a 
flaky precipitate very similar in general appearance to plasminc will 
make its appearance. Like plasmiue this precipitate is soluble in 
very dilute neutral saline solutions, and in consequence as thus pre- 
pared readily dissolves when treated witli distilled water, since a 
certain amount of sodium chloride clings to it. Unlike plasmiue, its 
filtered solution will not clot. If, however, some of the solution be 
added to hydrocele fluid, a clotting takes place just the same as 
when serum itself is added. The rest of the serum from which this 
substance has been removed will not, after the removal by dialysis of 
the excess of salt, cause clotting in hydrocele fluid. Evidently it is 
the presence of this constituent, not coagulable of itself, which gives 
to serum its power of producing a coagulation in hydrocele fluid. 
Th<‘ substance in question may also be prepared by diluting blood- 
serum with ten or twenty times its bulk of water and passing a brisk 
stream of carbonic acid through it. The mixture speedily becomes 
turbid, and if loft to stand a copious white amorphous somewhat 
granular precipitate settles down. TIjc substance so thrown down 
belongs by its characters to the class of globulins (see Ap |ndix). It 
is readily soluble in dilute neutral saline solutions, and its solutions in 
these cause coagulation of hydrocele fluid. It may also be throwm 
down by very cautiously adding dilute acetic acid to dilute serum. It 
has received the name of Jihrinoplastin or fibriiioplastic globulin or 
paraglubiilin. 

If, on the other hand, hydrocele fluid, specimens of which have 
been observed to coagulate on the addition of serum or fibrinoplastin, 
be treated in the same way either with carbonic acid or with sodium 
chloride to saturation, a precipitate is obtained similar to, but more 
flaky and less granular in nature than, that produced in serum. 
When this precipitate, to which the name of fibrinogen has been 
given, dissolved in dilute neutral saline solution, is added to serum, 
the niixture coagulates spontan€'ously, while the liydrocele fluid from 
which the substance has been removed no longer causes coagulation 
;in serum. Thus fibrinoplastin from serum causes coagulation of 
►hydjocele fluid, and fibrinogen from hydrocele fluid causes coagula- 
tion of serum, though neither alone coagulate spontaneously. And 
serum deprived of its fibrinoplastin, and hydrocele fluid deprived of 
Its fibrinogen, have lost all power of coagulating each other. 

It is woi-thy of remark that fibrinoplastin is more easy of extraction 
than fibrinogen, and that hydrocele fluid is much more readily and firmly 
coagulated by fibrinoplastin than is serum by fibrinogen. 
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Lastly, if solid fibrinoplastin and fibrinogen, prepared by the 
sodium chloride method, be together dissolved in dilute saline solution, 
the fluid mixture will coagulate spontaneously with the production of 
^uite normal fibrin. 

These facts seem to shew that plasmine is a mixture of fibrinogen 
and, fibrinoplastin ; indeed an artificial mixture of the two latter, 
obtained from serum and hydrocele fluid respectively, would be un- 
distinguishable from the former obtained from plasma. It must 
however be remembered that no one has yet succeeded in se2)arating 
natural plasmine into fibrinogen and fibrinoplastin \ 

There are moreover facts which sliew that the above statements do not 
cover the whole ground; there is evidence of the existence of a third factor 
in the process. 

1. If fibrinogen and fibrinoplastin be isolated by th e_i?a.rboiuc acid 
method , their mixture in a saline solution clots with great difficulty or not 
at all; prej)ared by the saturation meth od, they give a good firm clot. This 
suggests that something retained by the hitter method is lost by the 
former metlied. 

2. yo£mal blood-plasma must naturally contain an excess _of fibriuo- 
plfistin, since after coagulation the sei*um still coiitaius a considerable 
quantity of that body. Yet even in blood-plasma, fibrinoplastin, under 
certain circumstances^ willf^’onr coagulation. If thr(‘e pjirts of plasma be 
mixed with one part of a solution of magn(‘sium sul])hato (one of the salt to 
three and a half of water), the mixture diluted with eight parts of water 
will afford a dilute plasma, in which spontaneous coagulation will either not 
occur at all or come on very slowly indeed. In this dilute jdasma the 
fibrinoplastin is still in excess. Nevertheless the addition of a further 
quantity of fibrinoplastin, j)repared by satuiatioii with sodium cliloiide, 
will speedily cause coagulation. From tliis it may he inferred that in 
adding the fibrinoplastin thus prej)ared something else is added as well. 

3. If blood-serum or defibrinated blood be poured into about twenty 
times its bulk of strong spirit and the mixture allowed to stand for some 
tlir(*e weeks, or longer, the proteid mattei's including the fibrinoplastin 
become coagulated and almost wholly insoluble in water. Hence if the 
spiiit be filtered ofl' from the copious precipitate, and the latter dried at 
a low temperature (below 40") and extracted with distilled wafi'r, the 
aqueous extract contains no paljiable amount of proteid material and gives 
but slight reactions with proteid tests. A small quantity of this aqueous 
extract of blood, however, though free from fibrinoplastin, will when added 
to the dilute plasma, spoken of above, bring about a rapid coagulation. 

4. If the pericardial cavity of a large mammal (ox, horse, sheep) be laid 
open immediately after deaths the fluid removed will coagulate sjioiitane- 
ously and rapidly. The clot will on examination be found to consist of a 

1 We owe the discovery of fibrinoplastin and fibrinogen to A. Bchmidt, whose earlier 
papers will be found in Beicliert and Du Bois-Keymimd’s Archiv, ISfil, p. 545, and 1852, 
p-. 428. Schmidt’s later results, which are discussed in the succeeding ])ortionB of this 
section, are contained in papers published in Pflliger’s Archiv, vi. (1872) p. 413; m. 
(1875), pp. 291 and 515 ; xni. pp. 93 a^d 14G, 
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nioshwork of normal fibrin in wliich are entangled a multitude of white 
corpuscles. If the opening of the body be deferred to some twenty or 
more hours after death, the pericardial fluid will be found either not to 
coagulate at all or to coagulate very slowly and feebly. i •*. 

When, however, fibrinoplastin prepared by the saturation method iS 
added to such a 2>cricardial fluid a rapid and complete coagulation is gener- 
ally brought about. But precisely the same coagulation may in many 
cases be brought about by the simple addition of the aqueous extract just 
described. Most pericardial daida in fact behave extremely like the dilute 
plasma spoken of above. 

Here then ai‘o indications of the existence of a substance which is 
neither fibiinogen nor fibrinoplastin, but which nevertheless ajtpcars to be 
as necessary as either of tlie other two for the occuri’ence of coagulation. 
This third substance will not bring about coagulation with fibrinogen alone 
or with fibrinojdastin alone. It will not bring about coagulation in fluids 
such as ordinary hydrocele fluid, in which fibiinoplastin is api)arently absent, 
nor in serum, in which fibrinogen is absent. It is efficacious only in such 
cases where there are reasons for thinking that both fibrinojfiastin and 
fibrinogen arc present. But its most im2)ortant feature is the following. 

In the cases in which coagidation is brought about })y the addition of 
fibrinoplastin to fibrinogenous liquids, the quantity of fibrin produced 
bears, within certain limits, a i)roportion to the quantity of fil)rinoplastin 
nddc'd ; wliereas the addition of aqueous extract of blood only affects tlie 
rapidity with which coagulation sets in, and not at all the quantity of 
fibrin produced. In other words, the aqueous extract does not contribute 
to the substance of the fibrin, but favours, or is essential to, the union of, 
the two fibrin factors. That is to say, the substance ii the aqueous 
extract which thus affects coagulation belongs to tliat class of substances 
wliicli promote the union of other bodies, or cause changes iii other bodies, 
without themselves entering into union or undergoing clinnge. These 
substances we shall hereafter loam to si)eak of as “ferments;’’ and this 
pariicular substance has been called by its discoverer, A, KSchmidt’, fibrin- 
ferment. Obviously the ferment is imesent in blood-i>laRma, in idasmine, 
and in fibrinoplastin as jmepared by the saturation method, but is apparently 
in large measure lost when fibrinoplastin is pi’cpared by the carbonic acid 
method. 

In conclusion then we may say, that coagulation is the result of the 
interaction of two bodies, fibrinoplastin and fibrinogen, brought about by 
the agency of a third body, fibrin-ferment. Where these three bodies are 
all present, as in blood-plasma, in plasmine, in pericardial fluid taken from 
the body immediately after death, spontaneous coagulation is witnessed : 
where the fernnmt is absent, buu the otluT factors are present, as in many 
cases of pericardial fluid removed some time after death, coagulation will 
take i)lace on the addition of ferment alone ; where both feiTaent and fibri- 
noplastiu are absent, as in, many cases of hydrocele fluid, both these must 
be added before coagulation can come on. 

The exact nature of the process by which the presence of all three 
factors leads to the formation of fibrin cannot be at present defined more 
closely than by the phrase ‘interaction.' Beyond the broad fact that the 
quantity of fibrin formed is dependent on the quantity of fibrinoplastin 

1 Op. du 
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and fibrinogen present, we have no knowledge of quantitative relations 
between the two constituents. That they do not unite simply together, as 
a base with an acid, seems to be clearly shewn by the fact, stated by 
Schmidt, that in artificial coagulations the quantity of fibrin formed is by 
weight always less than that of the fibrinoplastin used. Hammarsten* 
argues that the fibrinoplastin, or, as he would prefer still to call it, paraglo- 
bulin does not enter in any way into -the fibrin, the latter being simply 
transformed fibrinogen. He explains the fibrinoplastic j)ropertie8 of para- 
globulin as due to that substance obviating certain hindmnces to the 
formation of the fibrin, for instance, preventing the solution by saline or 
oihor bodies of the fibrin while it is in M^hat may ho called a nascent 
condition, i, e. in a stage intermediate between fibrinogen and fibrin. Ac- 
cording to him the quantity of fibrinoplastin ])re,sent in a coagulating 
Iluid, though of marked effect on the quantity of fibiin j^roduced, has no 
(jffect on the total quantity of fibrinogen used up, i c. transformed into 
fibrin or into something else. 

Still the conception of coagulation as a chemical process between 
certain factors renders easy of comprehension tho influence of various 
conditions on the coagulation of blood. The quickening influence of! 
heat, the retarding effect of cold, the favourable action of motion amb 
of contact with surfaces, and hence the results of wlii})piiig and the 
influence exerted by the form and surface of vessels, become in-, 
telligible. Ttu^ greater tho nuinber of points, that is the larger and^ 
rougher the surface presented by the vessel into which blood is shed, 
tho more (juickly coagulation comes on, for contact witli surfaces 
favours chemical union. So also the presence of spongy platinum, or 
of an inert powder like charcoal, quickens tho coagulation of tai'dily 
clotting fluids, sucli as many cases of pericardial fluid. 

The action of neutral salts is still obscure. Schmidt has shewn that 
the presence of a neutral salt, such as sodium chloride, is essential to the 
process, coagulation not occurring even where all three factors are present, 
if no neutral salt accomi)auy them ; thus bringing fibrin coagnlation after 
all into tho same category as the coagulation of albumin by heat : see 
Appendix. The ])resence of haemoglobin also, iudept*ndeiitly of the fibrino- 
plastin wliich may bo present in tho red corpuscles, ap[)ears to favour 
coagulation. 

Having thus arrived at an approximative knowledge of the nature 
of coagulation, we are in a better position for discussing the question. 
Why does blood remain fluid in the vessels of the living body and yet 
clot when shod ? 

The older views may be at once summarily dismissed. The 
clotting is not due to loss of temperature, for cold retards coagu- 
lation, and flie blood of cold-T>loo(I^*animals behaves just like that 
of warm-blooded animals in clotting when shed. It is no^due to 
l oss of motion, for motion favours coagulation. It is nbl due to 
exposure to ai r, whereby either an increased access of oxygen or an 
escape oTvolatile matters is facilitated, for on the one Ijand tho blood 
is fully exposed to the air in the lungs, and on the other shed blood 
i PflUger’s ArchiVf xiv. (1877), 211, 
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clots when received, without any exposure to the atmosphere, in a 
closed tube over mercury. 

All the facts known to us point to the conclusion, that when 
blood is contained in healthy living blood-vessels, a certain relation 
or equilibrium exists between the blood and the containing vessels of 
such a nature that as long as this equilibrium is maintained the 
blood remains fluid, but that when^llus equilibrii^in,i§ Jisturb^d by 
events in the blood or in the blood-vessels or by removal of the 
blood, the blood undergoes changes which result in coagulation. 
The most salient facts in support of this conclusion arc as follows. 

1. j^fter deat hs when all motion of tlie blood has ceased, ^le blood 
remains fo r a long-time. iLuid. It is not till some time afterwards, at 
an epoch when post-mortem changes in the blood and in the blood- 
vessels have had time to dev elope themselves, that coagulation begins. 
Thus some hours after death the blood in the great vc‘ins may bo 
found perfectly fluid. Yet such blood has not lost its power of coagu- 
lating; it still clots when removed from the body, and clots too when 
received over mercury without exposure to air, shewing that the 
fluidity of tlic highly venous blood is not due to any excess of car- 
bonic acid or absence of oxyg<m. Eventually it does clot even within 
the vessels, but never so tirnily and conqdetely as when shed. It 
clpts^iirst in the larger vessels, remaining for a V(Ty long time, for 
many hemrs in fa(*t, fluid in the smaller veins, where the same bulk 
of blood is exposed to the influence of, and reciprocally extu-ts an in- 
fluence on, a larger surface of th(' vascular walls than in die larger 
veins. Thus if the foot of a sheep be ligatured and amputated, tlio 
blood in the small veins will be found fluid and yet coagulable for 
many hours. 

2. Ifjthn vessels of the. heart ofa turtle (or any other cold-blooded 
animal) b^l^atured, and the heart be cut out and suspended so that it 
may continue to beat for as long a j)eriod as possible, the blood will 
remain fluid within the heart as long as the ])ulsations go on, i.e. for 
one or two days (and indeed for some time afterwards), though a por- 
tion taken away at any period of the experiment will clot very 
speedily \ 

3. If the jugular vein of a large animal, such as an ox or horse, 
be ligatured when full of blood, and the hggiiixeil portion exceed, 
t h^ Iflood in many cases remains perfectly .fluid, along the greater 
part of the length of the piece, for twenty-four or even forty-eight 
hours. The piece so ligatured may be susjjended in a framework 
and opened at the top so as to imitate a living test-tube, and yet the 
blood will often remain long fluid, though a portion removed at any 
time into another vessel will clot in a few minutes. If two such 
living test-tubes be prepared, the blood may be poured from one to the 
other without coagulation taking place*. 

1 Briicke, Brit, and For. Med. Chir. Iteview^ xix. p. 183 (1867). 

* Lister, Broc. Roy, Soc.t 2 UI. p. 680 (1868). 
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The above facts illustrate the a bsence of coa^latiou in 
or slightly altered living bloodrveas els ; the following shew that 
agulatio iLinay take place even in the living vessels . 

4. If a n^dL^or piece of .^^e_or th^ad be intro duced into the 
living blood-vessel of an animal, either during life or immediately 
after death, the piece will be found encrusted with fibrin. 

5. If in a living animal a blood-vessel be ligatured, the ligat ure 
being of such a kind as to injureJihe inner coat, coagu lation takes place 
at the ligature and extends for some distance~Trom1t.^'*Tli us if the 
jugular vein of a rabbit be ligatured roughly in two places, clots will 
in a few hours be found in the ligatured portion, reaching upwards 
and downwards from each ligature, the middle portion being the 
least coagulated. (Jlots will also be found on the far side of each 
ligature. The clots will still appear if the ligature be removed im- 
mediately after being applied, provided that in the process the inner 
coat has been wounded. If the ligatures be applied in such a way as 
not to injure th(^ inner coat, coagulation will not take place, though 
the blood may remain for many hours perfectly at rest between the 
ligatures. 

6. '^^hen ^ artory is ligatured a conspicuous clot is formed on 
the cardiac side of the ligature. The clot is largest and firmest in the 
immediate neighbourhood of the ligature, gradually thinning away 
from thence and reaching usually as far as where a branch is given 
off. Between this branch and the ligature there is stasis; the walls 
of the artery suffer from the want of renewal of blood, and thus favour 
the propagation of the coagulation. On the distal side of the ligature 
where tlie artery is much shrunken, the clot which is formed, though 
naturally small and inconspicuous, is similar. 

7. Any injury of the inner coat of a blood-vessel causes a coagu- 
lation at the spot of injury. Any treatment of a blood-vessel tending 
to injure its normal condition causes local coagulation. 

8. Disease involving the inner coat of a blood-vessel causes a 
coagulatToh at the part diseased. Thus inflammation of the lining 
membrane of the valves^ of the heart in endocarditis is frequently 
accompanied by the deposit of fibrin. In aneurism the inner coat is 
diseased, and layers of fibrin are commonly depositc‘d. -So also in 
fatty and calcareous degeneration without any aneurismal dilatation 
there is a tendency to theTofmation of clots, 

9. Similar phenomena are seen in the case of serqu.^ fluids 
w^hich coagulate spontaneously. If, as soon after death as the body is 
cold and the fat is solidified, the pericardium be carefully removed 
from a sheep by an incision round the base of the heart, the peri- 
cardial fluid may be kept in the pericardial bag as in a living cup for 
many hours without clotting, and yet a small portion removed with a 
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pipette clots at once, and a thread left hanging into the fluid soon 
becomes covered with fibrin. 

The only interpretation which embraces these facts is that so long 
as a certain normal relation between the lining surfaces of the blood- 
vessels and the blood is maintained, coagulation does not take place ; 
but when this relation is disturbed by the more or less gradual death 
of blood-vessels, or by their more sudden disease or injury, or by the 
presence of a foreign body, coagulation sets in. Two additional points 
may here be noticed. 1. Stagnation of bbod favours jcoagulation 
within the blood-vessels, apparently because* the blood-vessels, like 
other tissues, demand a renewal of the blood on which they depend 
for the maintenance of their vital powers. 2. The influence^ of surfac e 
is seen even in the coagulation within the vessels. In cases of co- 
agulation from gradual death of the blood-vessels, as in the case of 
an excised jugular vein, the fibrin, when its deposition is sufficiently 
slow, i.s seen to appear first at the sides, and from thence gradually, 
frequently in layers, to make its way to the centre. So in aneurism, 
the deposit of fibrin is frequently laminated. In cases where coagu- 
lation results from disease of the lining membrane, the rougher the 
interior, the more sjieedy and complete the clotting. So also a rough 
foreign body, presenting a large* number of surfaces and points of 
attachment, more readily produces a clot when introduced into the 
living blood-vessels tliaii a perfectly smooth one. 

Clear ais it seems to be that some vital relation of blood to blood- 
vessel is the dominant condition affecting coagulation, " is by no 
means easy to state distinctly what is the exact nature of that rela- 
tion. Some authors^ speak of the blood-vessels as exercising a re- 
straining influence on the natural tendency of the blood to coagulate. 
Others^ regard the living blood-vessel (and indeed living matter in 
general) as bi‘ing wholly inert towards the fibrin-factors. These they 
consider need the presence, the contact influence of some body, in 
order that they may act on each other To Ibrrn' fibrin ; thus contact 
with the sides of the vessel into which blood is shed, or with the 
surface of a foreign body introduced into a living vessel, is, according 
to them, the detennining cause of coagulation. They suppose that 
living matter exercises no such contact influence. 

Before this point can be decided, further knowledge is needed conceni- 
ing the exact condition of the fibriu-fiictors in living blood within the 
body. While the blood is flowing uncoagulated through the vessels are all 
the three fibrin-factors, fibrmo])lastin, fibrinogen and ferment, already pre- 
stmt in plasma ] Or are they all, or is one or two absent, and if so is the 
appearance of them, or of one of them, in the plasma, the necessjiry invisible 
forerunner of coagulation ? Our scanty information on this point may be 
summarized as follows. 

1. In jill s pontaneously coagulable_ fluids wl^e cor|juscl^s are pres ent, 
and the more abundant they are, the more pronounced is tho coagulation. 

^ Briickc, op. cit. lister, op. cit. 
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Thus the spontaneously coagulating pericardial fluid is exceedingly rich in 
white corjuiscles, and the clot formed seems under the microscope to be 
almost entirely composed of them, so completely do they hide the threads 
qf fibrin. In the specimens of pericardial and of hydrocele fluid which do 
not coagulate spontaneously white corpuscles are absent^ or at least scanty. 

2. The depo sition of fibrin roun d a threa d if dipped into a coagulable 
fluid or drawn through a blood-vesi^ and left there, is preced ed by an 
ii ccuiiLulation of whita coxpujjcles. These cluster in greater numbers round 
the thread, and when the mass is examined under the microscope the cor- 
puscles seem to serve as starting points for the development of the threads 
of fibrin. 

3. In the experiment of keeping blood fluid but coagulable in an 
excised jugular vein (of the hoi*se), it is observed that when, as in course 
of time happens, the corpuscles have sunk to the bottom of the pieci‘ of 
vein, th^ uj)per^ layers of cl ear^ corpuscle-free, plasma clot very fet^bly 
indeed when removed from the ^ih, whereas the lower layers rich in 
corpuscles clot most firmly. 

4. When horse’s blood is received from a blood-vessel into an ico-eold 
dilute solution of chloride of sodium, and the mixture kept just short of 
actually freezing, the whole mass of corpuscles sinks rajudly. It is then 
observed that the dilute ph^^jiua free from coq)uscles clots feebly, whereas the 
lower layers of the same dilute plasma^ containing all the corpuscleai^^iyes an 
abundant coagulation. Plasma of horse’s blood may be diluted with twelve 
tim(*s itsljulk of dislillod water and filtered, without coagulation setting in, 
provided that the whole operation is conducted at a tcm])eraturo just short 
of freezing. The filtered diluted jdasma, which is found to bo exceedingly 
free from white corpuscles, these being left on the filter, clots feebly ; the 
amount of fibrin it produces is less than half that obtainable from the samo 
diluted plasma unfiltered*. 

These facts point very decidedly to the conclusion that the white c or* 
p^clegL-haye some share in bringiiiffabout coagulation; they mor^vcT 
suggest that one or more of thefibrin-iactors haVe th(*ir source in the white 
corpusc les^ and that cojigulatioirisrdue to the passage* of th(*se elements from 
the body of the coi’puscle into the plasma. The latter view is corroborated , 
by the following facts. 

5. In defibrinated blood or blood-serum a certain amount of fibrin- 
ferment is present. If however blood be treated with alcohol immediately on 
leaving the blood-vessels, veiy little ferment indeed is found to be present. 
The quantity is found to increase from the moment of leaving the vessels 
to the onset of coagulation. The fibrin-ferment therefore is .developed 
from some part oLtlm-blood. If horse’s blood l)e ki*pt at freezing tempe- 
rature, the formation of ferment is aiTested. If after the cor^mscles have 
sunk the undermost layers of the blood, containing almost exclusively red 
corpuscles, be removed, little or no ferment can be obtiiined from this portion, 
either when examined immediately, or after being allowed to clot at an 
ordinary temperature. In a ])ortion taken from the upper layers (colourless 
plasma) of the same blood, while there is little or no ferment present before 
the coagulation of the specimen, there is abundance afterwards. If a 

^ A. Schmidt, op. cit. 
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similar portion of the same colourless plasma be filtered in the cold, the 
filtrate, which is nearly free from white corpuscles, is very poor in ferment 
both before and after the feeble and slow coagulation which the fluid 
undergoes ; the material on the filter, consisting almost entirely of whitp 
I corpuscles, is very rich in ferment. These facts seem to shew that the 
fibrin-ferment which is present in blood-serum has its source, not in the red 
but in the white corpuscles, and that the passage of the ferment from the 
white corpuscle into the plasma is a precursor of coagulation. 

C. The coagulation of filtered diluted plasma has been said to be both 
feeble and slow. The tardiness of the coagulation is due to the paucity of 
ferment ; the feebleness, Le, the small quantity of fibrin produced, must be 
due to the scantiness of one or both of the fibrin-factors. On adding fibiino- 
plastin the quantity of fibrin produced is the same as that given by the 
same quantity of unfiltered plasma. The filtei-ed plasma is therefore defi- 
cient in fibriiioplastin. The material left on the filter is rich in fibrino- 
gdastin. The inference which A. Schmidt draws from these facts, is that 
Ifibrinoplastin, like the fibrin-ferment, has its origin in the white cqrpiwcles, 
fbut that fibrinogen is a normal constituent of the plasma. 

7. If a drop of horse’s plasma kej)t from coagulating by cold be 
examined under the microscope, it will be found to contain a large number 
of white corpuscles mixed with which are corpus(j]('s of an intermediate 
chai’acter between white and red, t.e. nucleated cells whose protoplasm is 
loa(l(‘d with coloured hremoglobin gi’anules. As the drop is watched, a large 
uiiiubcr of the white cor])uscles and all the intermediate forms are seen 
to break up into a granular detritus. This breaking up of tb ^white cor- 
jni^es is the precursor of coagulation, theTlTredds of fibrin seeming Ibo start 
iVtuu tlio remains of tbe corpuscles. Putting all these fiicts together, Schmidt 
ipoiichides that when blood is shed, a number of white and intermediate 
corpuscles fall to purees, by which act a quantity of fibrin-ferment and of 
liljrinoplastin is discharged into the pla'^ma. These meeting there with the 
already present fibrinogen give rise to fibrin, and coagulation results. In 
other mammals coagulation even at low temperatures is too rapid to permit 
of the changes in the coiq)uscles being watched as satisfactorily as in the 
horse, but even in those evidences of the existence of intermediate forms 
may be met with. 

This view excludes the red corpuscles, as far as mammals are concerned, 
from any direct share in coagulation. Whether this ultimately prove to 
be correct or not, there are facts which shew that the nucleated red cor- 
puscles of other vertebmtes, which it must be remembered are the hoino- 
logues of tlie intermediate forms, have a much clearer connection with the 
process. If the defibrinated blood of tlie frog or the bird be allowed to 
stfind until the corpuscles have subsided, the latter, separated as much as 
possible from the serum, and treated with a considerable quantity of 
distilled water, yield a fihmte which coagulates spontaneously. That is to 
say, the water breaks up tlie red corpuscles and sets freo a quantity of 
fibrin-factors which otherwise would have remained latent. The amount 
of fibrin thus obtained may be considerably greater than the quantity 
originally appearing in the blood. It is worthy of notice, that in this case 
bhe corpuscle is the source, not only of the fibrin-ferment and fibrinoplastin, 
but also of the fibrinogen. 
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Accepting this view as approximately correct, the coagulation of shed 
blood may be referred to tbe circumstance, that even the comparatively 
slight changes which must take place in the blood on its leaving the 
vessfds are sufficient to entail the death, and so the breaking up, of a 
number of the delicate white corpuscles. The formation of clots within the 
l>ody is not so easy to explain. We are driven in these cases to suppose 
that injure^d and diseased spots or foreign bodies first attnict, and then, as 
it were by irritation, cause the death of a certain number of corpuscles. 

But in any case, if this view be admitted, it must also be gin-nted that 
thaJuI ood- vessels do injiQBlfiJtnaiinfir orjlther exercise a rest rain ing in fluence 
on the formation of fil>r iD. For many of these corpuscles must, in the 
natural course of events, die and break up in tlie blood stream, without 
causing coagulation. Further, defibrinated blood contains both fibrin- 
ferimmt and fibrinoplastin ; it ought, therefore, when injected into the 
vessels which already in the natural blood contain fibrinogen, to occasion a 
rapid and speedy general coagulation. This it does not. The coagulations 
which occur after transfusion of defibrinated blood are partial and uncertain. 
We might infer from this that the system has some j)ower of rapidly either 
destroying ferment or changing the j>roperties of fibrinojdastin. In supjiort 
of this it has been stated, that a quantity of fibrin-ferment injected into 
tlie system may be detected in the blood immediately afterwards (and is 
})resent then without causing coagulation), but speedily disappears. The 
loss of spontaneous coagulability in pericardial fluid might be attributed to 
an escape by migration of the white corpuscles away from the pericardial 
cavity, but this is inconsistent with the fact that in the majority of cases 
the ferment alone disa})pears while the fibrinophi‘*tin remains. According 
to the facts given above, the white cor})uscles in esca])ing would carry away 
both ferment and fibrinoplastin, leaving the fibrinogen alone. Lastly, wo 
should remember that all the above, even if correct, is only an approximative 
solution. The coagulation of muscle-plasma is a coagulation in which wliite 
corpuscles cannot serve as Dei ex machina ; moreover, as we shall see Iat(^r 
on, the rigor mortis of the wliite corpuscle itself is a coagulation ; and for 
this its own subsequent disintegration cannot be regarded as an adequate 
cause. 


Sec. S. The History of the Corpuscles. 

In the living body red blood-corpuscles are continually being 
destroyed, and new ones as continually being produced. The proofs of 
this arc, 

1. The number of the red corpuscles in the blood at any given 
time (as determined by the examination of a drop of blood) varies 
much. After a very large reduction of the total number of red 
corpuscles, as by haemorrhage or disease (anaemia), the normal pro- 
portion may be regained even within a very short time. 

2. There are reasons for thinking that the urinary and bile- 
pigments are derivatives of haemoglobin. If this be so, an immense 
number of corpuscles must be destroyed daily (and replaced by new 
ones) in order to give rise to the amount of urinary and bile-pigment 
discharged daily from the body. 

3. When the blood of one animal is injected into the vessels of 
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another {ex. gr. that of a bird into a mammal), the corpuscles of the 
first may for some time be recognised in blood taken from the second ; 
but eventually they wholly disappear. This of course is no strong 
evidence, since the destruction of foreign corpuscles might take placp 
even though the proper ones had a permanent existence. 

Origin of the Red Corimscles. 

In the embryo red corpuscles are produced, 

1. From metamorphosis of certain mesoblastic cells in the 
vascular area. 

2. By division of the corpuscles thus formed. 

3. In a somewhat later stage, by the transformation of nucleated 
white corpuscles, which probably arise in the liver and sjJeen, and 
pass thence into the blood. The cell-substance becomes impregnated 
with ha 3 moglobin, and the nucleus breaks up and disappears. 

4. By the direct transformation of the protoplasm of undifferentiated ' 
connective-tissue corpuscles^, the red corpuscle appearinpj first as a minute 
speck in the protoplasmic cell-substance, and subsetpiently enlarging very 
much after the fashion of an oil-globule. 

In the adult, division of existing corpuscles is at least exceed- 
ingly rare, if it occurs at all. In the splccn-pulp small nucleated 
coloured corpuscles have been observed similar to those met with in 
the embryo; transitional forms, shewing the presence of hcemoglobin 
in the cell-substance and degeneration of the nucleus, ha”c been seen. 
In the wide capillaries of the red medulla of bones similar transi- 
tional forms have been observed, and they have also been noticed 
in circulating blood. 

According to Alex. Schmidt®, in living unchanged blood those forms are 
abundant; they break up and disappeai*, howcjver, immediately that the 
blood is shod, unless special precautions (application of cold &c.) bo used. 

From these several facts it is concluded that the red corpuscles 
take origin from colourless nucleated corpuscles similar to, if not 
identical with, the ordinary white corpuscles of the blood. 

In the case of ammals with nucleated red corpuscles the change consists 
chiefly in a transformation of the native protoplasm of the white corpuscle 
into haemoglobin and stroma. In the case of animals with non-nucleated 
red corpuscles, most observers® agree in the opinion that the nucleus of the 
white corpuscle breaks up and disappears, so that the red corpuscle repre- 
sents only the modified cell-substance of its progenitor. Wharton Jones, 
supported by Huxley, resting chiefly on the parallelism in size and form 
between the nuclcn of the white corpuscles and the entire red corjmscles in 
different ordei's and families of mammals, concludes that the latter is in 
reality the naked coloured nucleus of the former. 

Origin of the White Corpuscles. 

That the white corpuscles are continually being removed is evi- 
1 Schafer, Proc. Boy. Soc., xxii. 243. * Op. cit. * Kolliker, Neumann, Schmidt. 



Chap, l] 


BLOOD. 


29 


dent from the fact that they vary extremely in number at different 
times and under various circumstances. They are very largely 
increased by taking food. Thus during fasting they may be seen in 
di drop of blood to bear to the red the proportion of 1 in 800 or 1000. 
After a meal this proportion rises to 1 in 300 or 400. 

The fact that in the lymphatic glands, follicles and other adenoid struc- 
tures, corpuscles, similar to if not identical with white blood- corpuscles, are 
to be seen of very various sizes and with dividing nuclei, suggests that 
these organs are the birth-places of the white corpuscles. The lymph is 
continually pouring into the blood a crowd of white corjniscles, which for 
the most part make their appearance in the lymph- vessels after the latter 
have traversed the lymphatic glands. And this view is further supported 
by the fact that in the disease Leuchaemia, where the white corpuscles are 
so abundant as to number as much as 1 to 10 red, the spleen, the lymphatic 
glands, and other forms of adenoid tissue, are enlarged. (The phenomena 
are however capable of a converse interpretation, viz. that the white cor- 
puscles, failing to become converted into red corpuscles, are crowded into 
the lymphatic organs.) 

At the same time it is open for us to suppose that any proliferating tissue 
may give nse to new corpuscles; and Klein* states that he has seen them 
budded off from the reticulum of the spleen. The white corpuscles have 
also been obseiwed to divide®. 

We may conclude therefore that the white corpuscles probably 
arise, chiefly by division, from the leucocytes of adenoid tissue, but 
that other sources may exist. 

Fate of the IVhite Corpuscles. 

As we have seen, it is extremely probable that a largo number 
of the white corpuscles end by giving birth to red corpuscles. We 
know that in an inflamed area the white corpuscles migrate in large 
numbers into the extravascular elements of the tissues, and there 
are reasons for thinking that the new structures which make their 
appearance as the result of inflammation may arise in part at least 
from such migratory corpuscles. But the question to what extent 
this takes place, and how far the white corpuscles are concerned in 
tissue regeneration, is too unsettled and too long a matter to be 
discussed here. 

Fate of the Red Corpuscles. 

In the spleen we find, as Kblliker pointed out a long time ago, 
large protoplasmic cells in which are included a number of red cor- 
puscles: and these red corpuscles may be observed in various stages 
of apparent disintegration. It is probable therefore that the spleen 
is the grave of many of the red corpuscles. Since serum of fresh 
blood contains no dissolved haemoglobin, it is clear that the haemo- 
globin of the broken-up corpuscles must speedily be transformed 
into some other body. Into what other body? In old blood-clots 

1 Q, J. MicTOB. 8ci. XV. (1875) p. 870, * Klein, Hdh. Phys. Lab. p. 8» 
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(as in those of cerebral hsemorrhage) there are frequently found 
minute crystals of a body which has received the name Homatoidin. 
There can be no doubt that the hsematoidin of these clots is a deri- 
vative from the hsemoglobin of the escaped blood. We know^ that 
hsemoglobin contains a residue of hsematin. We know further that 
hsematin may lose its iron (which appears to be loosely attached), 
and yet remain a coloured body. So that there is no diflSculty in 
the passage from the proteid-and-iron containing hjpmoglobiu to the 
proteid-and-iron free ha^matoidin. But liaBniatoidin, not only in 
the form and appearance of its crystals, but also, as far as can be 
ascertained, by the analysis of the small quantities at disposal, in its 
chemical composition is identical with bilirttbi)i, the primary pigment 
of bile. Moreover, the injection of haemoglobin, or of dissolved red 
corpuscles, into the vessels of a living animal, gives rise to a large 
amount of bile-pigment in the urine, and at tlic same time increases 
enormously the relative quantity of hilir'ubin in the bile. Thus 
though no one has yet succeed(^d in producing bilirubin artificial]}' 
from haemoglobin, facts point very strongly to the view that the red 
corpuscles are used up to supply bile-pigment. 

It must be added however that, according to Preyer®, the spectra 
of haematoidin and bilirubin are quite distinct, and that many observers 
have failed to obtain bile-})iginent in the urine as the I'esult of injection of a 
solution of ha'inoglolun. Blood-clots frequently contain, besides or in place 
of homatoidin, a yellow substance namc'd lutein, which is certainly distinct 
from bilirubin. jMieiii is the substance which gives to coipoi a lutea their 
characteristic colour. Our knowledge of urinary ])igments is so imperfect 
that little can be said as to their relation to haunoglobin. We cannot at 
present definitely trace the normal urinary pigment back to hpemoglobin, 
however probable such a source may seem ; but Jafie finds in many urines, 
especially those of fever-patients, a body called vrobilin, identical with hydro- 
bilirvhin obtained from bilirubin by reduction with sodium amalgam®. 

Skc. 4 The Quantity of Blood, and its distkibution in 

THE Body. 

The total quantity of blood present in an animal body is esti- 
mated in the following way. As muidi blood as possible is allowed 
to escape from the vessels; this is measured directly. The vessels 
are then washc*d out with water or normal saline solution, and the 
washings carefully collected, mixed and measured. A known quantity 
of blood is diluted with water or normal saline solution until it 
possesses the same tint as a measured specimen of the washings. 
This gives the amount of blood (or rather of haemoglobin) in the 
measured specimen, from which the total quantity in the whoh* 
washings is calculated. Lastly, the whole body is carefully minced 
and washed free from blood. The washings are collected and filtered, 

1 See Chapter on Changes of Blood in Respiration. 

*■ Bit BluUKrtjstalle. ^ Cf. Liebermann, Vfluger’b Archiv, xi. p. 181, 



BLOOD. 


31 


Chap, i.] 


and the amount of blood in them estimated as before by comparison 
with a specimen of diluted blood. The quantity of blood in the 
two washings, together with the escaped blood, gives the total quantity 
of blood in the body. Estimated in this way, the total quantity of 

of the 


is that 

v^us blood has less colouring power than arterial blood. This has been 
met by Gscheidlen by poisoning the anhiial with carbonic oxide, by which 
all the haemoglobin is reduced to one state, and therefore has throughout the 
same colouring power. The (quantity of liaem^lobin in the muscular fibre 
itself is a source of error, but probably a very slight one. The di^o.nlty_nf 
g etting a eWr inf usion of the minced tissues is moi'e serious. According to 
Hauke^ the total blood in the body of a rabbit amounts ro yg- of the body- 
weight, in a dog to in a cat to in a frog to 

The blood® is distributed as follows in round numbers : — 


blood in the human body may be said to be about 
bo ^-weigh t 

There are several sources of error in the above method. ( 


About one-fourth in the heart, lungs, large arteries and veins, 

„ „ „ „ liver, 

„ „ „ „ skeletal muscles, 

„ „ „ „ other organs. 

Since in the heart and great blood-vessels the blood is simjily in 
transit, without undergoing any great changes (and in the lungs, as 
far as we know, the changes are limited to respiratory changes), it 
follows that the changes which take ])lace in passing through the 
liver and skeletal muscles far exceed those which take place in the 
rest of the body. 


liaiike found the distribution to he as follows. 
In the Yiscera. 


Eabbit. 

Dog. 


(Living. 


Per cent, of 
Total Blood. 

G3-4 


jDoadaudliigid. 


Cl -23 
59-0 


Per cent, of 
Organ Weight . 
18-0 
20*G 
21-0 


In the various organs of the rabbit, 
Per cent, of Total Blood. 


Spleen *23 

Brain and Cord . . 1 *24 

Kidneys . . . . 1*G3 

Skin 210 

Intestines . . . . 0*30 

Bones &c 8*24 

Heart, Lungs, Great 
Blood-vessels . 22*76 
Skeletal Muscles . 29*20 
Liver 29*30 


1 Blut-vertheilunff, 1871. 


In the Carcase. 

Per cent, of Per cent, of 
Total Blood. Organ Weight. 
3G*G 2*7 

38*77 2-7 

41*0 3*4 


Per cent, of Organ Weight. 


Skin 

1*07 

Bones .... 

2 -30 

Al. Canal . . . 

3-4C 

Muscles .... 

5*14 

Bmin aiid^Cord . 

5*52 

Kidney .... 

11*8G 

Spleen .... 

12*50 

Liver .... 

28*71 

(Heart, Lungs, and 
Groat Vessels . 

G3-11). 


* Banke, op, cit. 



CHAPTER II. 


THE CONTRACTILE TISSUES. 

The tissues of the body eminently endowed with contractility, the 
tissues whose primary reason of existence lies in their contractility, 
are the ordinary striated muscles, the cardiac muscles, the plain un- 
striated muscles, the ciliated cells, spermatozoa and the migrating cells. 
Of these the striated muscles, on account of the more complete de- 
velopment of their functions, are better studied first; the others, on 
account of their very simplicity, are in many respects less satisfac- 
torily understood. 

All the ordinary striated muscles are connected with nerves. We 
have no reason for thinking that their contractility is called into play, 
under normal conditions, otherwise than by the agency of nerves. 
Indeed a nerve-fibre may in part be regarded as a continuation of 
the muscular fibre with which it is connected by an end- date. In 
Hydra the muscular fibre is but an eminently contractile process of 
an ectoderm cell, in Beroe the muscle-fibre thins out into a nerve- 
fibre which serves as a means of communication between the iso- 
lated contractile process, now an independent muscle-fibre, and the 
body of the ectoderm cell. Both nerve, and, as will be hereafter 
shewn, muscle are irritable; but the muscle only is contractile. A 
stimulus applied to a nerve sets up disturbances which are propa- 
gated on to the muscle; but it is only the muscle in which the dis- 
turbances manifest (themselves by a contraction. Neither striated 
muscle nor nerve-fibres distributed to muscles possess any distinct 
automatism. Spontaneous disturbances in either are at least rare if 
they occur at all. The two being thus so closely allied and in many 
points so similar, it will conduce to clearness and brevity if we treat 
them together. 

Sec. 1, The Chemical Substances composing or present in 

Muscle. 

In a muscle from the vessels of which the blood has been care- 
fully washed, by the injection of dilute saline solution, there will still 
be left a quantity of lymph surrounding the elementary fibres. The 
quantity however is under ordinary circumstances so small that it 
may be practically neglected. 
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If a dead muscle^ from which all fat, tendon, fascia, and con* 
nective tissue have been as much as possible removed, and which has 
been freed from blood by the injection of saline solution, be minced 
and repeatedly washed with water, the washings will contain certain 
forms of albumin and certain extractive bodies, of which we shall 
speak directly. When the washing has been continued until the 
wash-water gives no proteid reaction, a large portion of muscle will 
still remain undissolved. If this be treated with a 10 p. c. solution 
of sodium chloride, a large portion of it will become imperfectly dis- 
solved into a viscid fluid which filters with difficulty. If the viscid 
filtrate be allowed to fall drop by drop into a large quantity of 
distilled water, a white flocculent matter will be precipitated. This 
flocculent precipitate is myosin. It is a proteid, giving the ordinary 
proteid reactions, and having the same general elementary composi- 
tion as other proteids. It is soluble in dilute saline solutions, espe- 
cially those of sodium chloride, and may be classed in the ^bulin 
family , though it is not so soluble as fibrinoplastic ^obulin. Dis- 
solved in saline solutions it readily coagulates when heated, is pre- 
cipitated and after long action coagulated by alcohol, and is pre- 
cipitated by an excess of the sodium chloride. By the action of 
dilute acids it is very readily converted into syntonin or acid-albumin, 
by the action of dilute alkalis into alkali-albumin. Speaking! 
generally it may be said to be intermciiiaj^ between. 
globulin. On keeping, and especially on drying, its solubility is much 
aimmishcd. 

Of the substances which arc left in muscle from which the 
myosin has thus been extracted by sodium chloride solution little 
is known. If washed muscle be treated directly with dilute hydro- 
chloric acid, the greater part of the material of the muscle passes at 
once into syntonin. The quantity of syntonin thus obtained may be 
taken as representing the quantity of myosin previously existing in 
the muscle. The portion insoluble in dilute hydrochloric acid con- 
sists partly of the substance of the sarcolemraa, of the nuclei, and 1 
of the tissue between the bundles and partly of elements {? sarcous ^ 
elements, muscle-rods) of the fibres themselves. 

If living contractile frog's muscle^ freed as before as much as 
possible from blood, be frozen \ and while frozen, minced, and rubbed 
up in a mortar with four times its weight of snow containing 1 p. c. 
of sodium chloride, a mixture is obtained which at a temperature 
below 0 C. is sufficiently fluid to be filtered, though with difficulty. 
The slightly opalescent filtrate, or muscle-plasma as it is called, is at 
first quite fluid, but wdll, when exposed to the ordinary temperature 
become a solid jelly, and afterwards separate into a clot and serum. 
It will in fact coagulate like blood-plasma, with this difierencc, that 
the clot is not firm and fibrillar, but loose, granular and flocculent. 

^ Since, aR we shall presently see, a muscle may be frozen and thawed again without 
losing any of its vital powers, we are at liberty to regard the frozen muscle as a still 
Ih ing muscle. 


F. P. 
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During the coagulation the fluid, which before was neutral or slightly 
alkaline, becomes distinctly acid. 

' The clot is myosin. It gives all the reactions of myosin obtained 
from dead muscle. 

The serum contains albumin and extractives. 

Besides ordinary serum*albumin coagulating at 75^ KUline* (to whom 
we owe our knowledge of the above) found a peculiar form coagulating at 

its appearance being probably connected with the salts present in the 
serum, (see Appendix) ; alkali-albumin is also present, as is probably also a 
small quantity of globulin. Such muscles as are red also contain a small 
quantity of hemoglobin, to which indeed their redness is due. 

^ Thus while dead muscle contains inypsin, serujn-^Jljmin, and 
e xtrac tives with certain insoluble matters and certain gelatinou s 
elements not referable to the muscle-substance itself, living muscle 
contains no myosin, but some substance or substances which bear 
somewhat the same relation to myosin that fibrinogen and fibrino- 
plastin do to fibrin, and which become myosin on the death of the 
muscle. 

Fats are present in considerable quantities, and the extractives 
are 'varied and numerous. The most important are k reatin , sgrco- 
lactic or paralactic acid (a variety of lactic acid, differing frornit 
chiefly in the soluKIity of its salts, and in the amount of water of 
crystallization contained in them), and sjugaf. To these may be added 
xanthin, hypoxanthin, (sarkin) inosit, (especially in th cardiac 
muscles), inosinic acid and traces of uric acid. Except in patho- 
logical conditions (and in the plagiostome fishes) urea i s conspicainus 
by it s absence. Ip living muscle glycogqn is frequently present, and 
is at {he death of the muscle transformed into sugar. Dextrin has 
also been found; and a special fermentable muscle-sugar has been 
described. It has been much debated whether kreatin or kreatinin, 
or both, are present in muscle; the evidence goes to shew that 
kreatin alone is present. 

The ashes of muscle, like those of the red corpuscles, are cha- 
racterized by the preponderance of potassium salts and of phos phate s ; 
these form in fact nearly 80 p.c. of the whole ash. 

The general composition of human muscle is shewn in the follow- 
ing table of V. Bibra. 

Water 744*5 

Solids 

Myosin and other matters, elastic ele- 


ments, &c., insoluble in water 

155-4 

Soluble albumin 

... ... ... 

19-3 

Gelatin 

... ... ... 

20-7 

Extractives ... 

... ... ... 

371 

Fats 

... ... ... 

23-0 


255*5 


^ Protojplama^ Leipzig, 1864, 
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Sec. 2. The Phenomena of Muscle and Nerve. 

. If the trunk of a nerve be pinched, or subjected to sudden heat, 
or dipped in certain chemical substances, or acted upon by various 
galvanic currents, movements or contractions are seen in the muscles 
to which branches of the nerve are distributed. The substances or 
agents which thus cause contractions are called ' stimuli.’ 

The stimuli may be applied directly to the muscle. The muscle 
itself may be pinched, or subjected to galvanic currents, &c. ; in this 
case also contractions are produced. It might be supposed that the 
contractions so produced are in reality due to the fact that, although 
the stimulus is apparently applied directly to the muscle, it is, after 
all, the fine nerve-branches, so abundant in the muscle, which are 
actually stimulated. The following facts however go far to prove 
that the muscular fibres themselves are capable of being direqtly 
sti^la^d ^^Qiout the intervention of any nerves. When a frog 
(or otlier animal) is poisoned with urari, the'nerves may be sub- ' 
jected to the strongest stimuli without causing any contractions in 
the muscles to which they are distributed : yet even ordinary stimuli 
applied directly to the muscle readily cause contractions. If before 
introducing the urari into the system, a ligature be passed under- 
neath the sciatic nerve in one leg, for instance the right, and drawn 
tightly round the whole leg to the exclusion of the nerve, it is 
evident that the urari, when injected into the back of the animal, 
will gain access to the right sciatic nerve above the ligature, but 
not below, while it will have free access to the whole left sciatic. If, 
as soon as the urari has taken etfect, the two sciatic nerves be 
stimulated, no movement of the left leg will be produced by stimu- 
lating the left sciatic, whereas strong contractions of the muscles of 
the right leg below the ligature will follow stimulation of the right 
sciatic, whether the nerve be stimulated above or below the ligature. 
Now since the upper parts of both sciatics are equally exposed to 
the action of the poison, it is clear that the failure of the left neiwe 
to cause contraction is not attributable to any change having taken 
place in the upper portion of the nerve, else why should not the 
right, which has in its upper portion been equally exposed to the 
action of the poison, also fail ? Evidently the poison acts on some 
parts of the nerve lower down. If a single muscle be removed from 
the circulation (by ligaturing its blood-vessels), previous to the 
poisoning with urari, that muscle will contract when any part of the 
nerve going to it is stimulated, though no other muscle in the body 
will contract when its nerve is stimulated. Here the whole nerve 
right down to the muscle has been exposed to the action of the 
poison ; and yet it has lost none of its power over the muscle. On 
the other hand, if the muscle be allowed to remain in the body, and 
so be exposed to the action of the poison, but the nerve be cut out 
high up and gently removed from the body, except where it is 

3—2 
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attached to the muscle, so as to be taken away from the influence of 
the poison, stimulation of the nerve produces no contractions in the 
muscle, though stimuli applied directly to the muscle at once cause 
it to contract. From these facts it is clear that urari poisona,'thp 
ejpds of the nerve within the ijuigcle long before it affects the trunk. ^ 
and it is exceedingly prolbable that It is the very extreme ends of the 
nerves (possibly the end plates, though we have no definite proof of 
this), which are affected. The phenomena of urari poisoning there- 
fore go far to prove that muscles are capable of being made to 
contract by stimuli applied directly to the muscular fibres them- 
selves; and there are other facts which support this view. 

This question of ‘independent muscular instability’ was once thought to 
be of importance. In old times, the swelling of a muscle during contraction 
was held to be caused by the animal spirits descending into it along the 
nerves ; and when the doctrine of ‘bpirits’ was given up, it was still taught 
that the vital activity of the muscle was something bestowed upon it by tho 
action of the nerve, and not properly belonging to itself. We owe to 
Haller the establishment of the truth, that the contraction of a muscle 
is a manifestation of the muscle’s own energy, excited it may be by nervous 
action, but not caused by it. Haller spoke of tho muscle as possessing 
a vis inaitay while he called the nervous action, which excites contraction, 
the via nervosa. He used the word imtability as almost synonymous with 
contractility, a meaning which is still adoi)ted by many authoi’s. In this 
work we have used it in the wider sense, first employed by Glisson, which 
includes other manifestations of energy than the change o \ form which 
constitutes a contraction. Since Haller’s time, the question whether 
muscles possess an independent irritability lias shifted its ground ; it now 
means, not whether muscles are irritable or no, but simply whether their 
irritability can be called into action in other ways than by the mediation 
of nerves. In addition to tlie ura ri argum ent just described, we may state 
that portions of muapular fibres, entirely destitute of nerves, such as the 
lower end of the sartorius of the frog, may be stimulated directly,,_3Kijtfe 
contractions aaja» J:fie^lt ; that the chemical substances which act as stimuli 
when applied directly to muscles, differ somewhat from those, which act lis 
stim uli to nerves, and lastly, that a jiortion of muscle-fibre quite free from 
nerves may be seen under the micro8co])e to contract. In the succeeding 
portions' of this work abundant evidence will be attorded that the activity 
of contractile protoplasm is in no way essentially dependent on the presence 
of nervous elements. 


The Phenomena of a simple Muscular Contraction. 

If the far end of the nerve of a muscle-nerve preparation (the 
gastrocnemius for instance of the frog with the attached sciatic nerve 
dissected out). Figs. 1 and 2, be laid on the electrodes of an induction- 
machine, the passage of a single induction-shock (either making or 
breaking) will produce no visible change in the nerve, but the muscle 
will give a short sharp contraction, i.e. will for an instant shorten 
itself, becoming thicker the while, and then return to its previous 
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Fia. 1, DuasAV xllubtbatuvo Apparatus abranobd fob Expbbiubnts with Musclx 

AND KbBVE. 

A, The moist ohamber oontaixiing the muscle-nerve preparation. (The muscle-nerve 
and electrode-holder are shewn on a larger scale in Fig. 2.) The muscle m, 
supported by the olamp et, which firmly grasps the end of the femur is con- 
nected by means of the S hook s, and a thread with the lever I, placed below the 
moist chamber. The nerve n, with the portion of the spinal column n' still 
attached to it, is placed on the electrode-holder el, in contact with the wires x, y* 
The whole of the interior of the glass case gl is kept saturated with moisture, and 
the electrode-holder is so constructed that a piece of moistened blotting paper may 
be placed on it without coining into contact with the nerve. 

B, The revolving cylinder bearing the smoked paper on which the lever writes. 
A figure of the cylinder from a Afferent point of view is shewn in Fig. 89. 

C, Du Bois-Beymond’s key arranged for short circuiting. The wires x and y of the 
electrode-holder are connected through binding screws in the floor of the moist 
chamber with the wires y, and these are secured in the key, one on either side. 
To the same key ore attached the wires x", i/" coming from the secondary coil s. c, 
of the induction-machine D. This secondary coil can be made to slide up and 
down over the primary coil pr c, with which are connected the two wires x'" and 
y"\ x"' is connected directly with one pole, for instance the copper pole c. p, of 
the battery JE. y'" is carried to a binding screw a of the Morse key F, and is 
continued as y^'^ from another binding screw h of the key to the zinc pole z. p, 
of the battery. 

Supposing everything to be arranged, and the battery charged, on depressing the 
handle h a, of the Morse key a current will he made in the primary coil pr. c, 
l)aesing from c. p, through x''' to pr. c., and thence through y'” to o, thence to ft, 
and so through y” to z. p. On removing the finger from the handle of F, a spring 
thrusts up the handle, and primary circuit is in consequence immediately broken. 

At the instant that the primary current is either made or broken, an induced 
current is for the instant developed in the secondary coil r. If the cross bar h in 
the Du Bois-Beymond’s key be raised (as shewn in the thick line in |ho figure), tho 
wires o', x, the nerve between the electrodes and tho wires y, y', y" form tlie 
complete secondary circuit, and the nerve consequently experiences a making or 
breaking induction-shock whenever the primary current is made or broken. If the 
cross bar of the Du Bois-Beymond key be shut down, as in tho dotted line h* in the 
figure, the resistance of the cross bar is so slight compared with tliat of the nerve 
and of the wires going from the key to the nerve, that the whole secondary (induced) 
current passes from x" to y" (or from y" to x ') along the cross bar, and none passes 
into the nerve. The nerve being thus short circuited, is not affected by any changes in 
the current. 



Fig. 8* The muscle-nerve preparation of Fig. 1, with the clamp, electrodes, and 
eleeirode-holder are here shewn on a larger scale. The letters as in Fig. 1. The 
form of electrode-holder figured is a oonvenient one for general purposes, but 
many other forms are in use. 
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condition. If one end of the muscle be attached to a lever, while 
the other is fixed, the lever will by its movement indicate the extent 
and duration of the shortening. If the point of the lever be brought 
to bear on some rapidly travelling surface, on which it leaves a mark 
*(being for this purpose armed with a pen and ink if the surface be 
plain paper, or with a bristle or needle if the surface be smoked glass 
or paper), so long as the muscle remains at rest the lever will describe 
an even line. When, however, a contraction takes place, as when a 
single induction-shock is sent through the nerve, some such curve as 
that shewn in Fig. 3 will be described, the lever rising with the 



Fig. 3. A Muscle-curve owtasnei) bt mfans of the Pendulum Mtogbaph. 

(To be road from leUt to right.) 

a indicates the moment at which the indnction-shock is sent into the nerve, b the 
commottcoment, c the maximum, and d the close of the contraction. The two 
smaller curves succeeding tho larger one are due to oscillations of the lever. 

Below the muscle-curve is the curve drawn by a tuning fork making 180 double 
vibrations a second, each complete curve representing therefore of a second. 
It will be observed that the plate of the myograph was travelling more rapidly 
towards the close than at the beginning of the contraction, as shewn by the greater 
length of the vibration-cvives, 

shortemng of the muscle, and descending as the muscle returns to 
its natural length. This is known as the ‘ muscle-curve.’ In order 
to make the 'muscle-curve^ complete, it is necessary to mark on the 
recording surface the exact time at which the induction-shock is 
sent into the nerve, and also to note the speed at which the recording 
surface is travelling. These points are best effected by means of 
the pendulum myograph. Fig. 4. 

In this instrument a smoked glass plate, on which a lever writes, swings 
with a pendulum. The pendulum with the glass plate attached being raised 
up, is suddenly let go. It swings of course to the opposite side, the glass 
plate travels, through an arc of a circle, and, the lever being stationary, the 
point of the lever describes an arc on the glass plate. The rate at which 
the glass plate travels, i.e. the time it takes for the lever-point to describe 
a line of a given length on the glass plate may be calculated from the length 
of the pendulum, but it is simpler and easier to place a vibrating timing- 
fork immediately under the point of the lever. If the vibrations of the 
tuning-fork are known, then the number of vibrations which are marked 
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adjusted bearings at O. The contriyanoes hy which the glass plate can be removed 
and replaced at pleasure are not shewn. A second glass plate so arranged that the 
hrst glass plate may be moved up and down without altering the swing of the 
pendiSum is also omitted. Before commencing an experiment the pendulum is raised 
up (in the figure to the right), and is kept in that position by the tooth a catching on 
the spring-catch h. On depressing the catch b the glass plate is set free, swings into 
the new position indicated by the dotted lines, and is held in that position by the tooth 
a' catching on the catch In the course of its swing the tooth a' coming into 
contact with the projecting steel rod c, knocks it on one side into the position indi- 
cated by the dottkl line c'. The rod e is in electric continuity with the wire x of the 
primary coil of an induction-machine. The screw d is in similarly electric continuity 
with the wire y of the same primary coil. The screw d and the rod c are armed with 
platinum at tne points in which they are in contact, and both are insulated by means 
of the ebonite block e. As long as c and d are in contact the circuit of the primary 
coil to which x and y belong is closed. When in its swing the tooth a' knocks c away 
from d,’at that instant the circuit is broken, and a * breaking ’ shock is sent through the 
electrodes connected with the secondary coil of the machine, and so through the nerve. 
The lover I, the end only of which is shewn in the figure, is brought to bear on the glass 
plate, and when at rest describes a straight line, or more exactly an arc of a circle of 
large radius. The tuning-fork /, the ends only of the two limbs of which are shewn in 
the figure placed immediately below the lever, serves to mark the time. 


on the plate between any two points on the line described by the lever gives 
the time taken by the lever in passing from one point to the other. 
An easy arrangement permits the exact time at which the shock is sent 
through the nerve to be marked on the line of the lever. To avoid too 
many markings on the plate the pendulum after describing an arc is caught 
by a spring catch on the opposite side. 

A complete muscle-curve, such as that shewn in Fig. 3, teaches us 
the following facts: 

1. That although the passage of the induced current from 
electrode to electrode is practically instantaneous, its effect, measured 
from the entrance of the shock into the nerve to the return of the 
muscle to its natural length after the shortening, takes an appreciable 
time. In the figure, the whole contraction from a io d takes up the 
same time as eighteen double vibrations of the tuning-fork. Since 
each double vibration represents of a second, the duration of the 
whole contraction figured was ^ sec. 

2. In the first portion of this period, from a to b, there is no 
visible change, no shortening of the muscle, no raising of the lever. 

24- 

3. It is not until 6, that is to say after the lapse of ^ ie. about 

tV sec., that the shortening begins. The shortening as shewn by the 
curve is at first slow, but soon becomes more rapid, and then 
slackens again until it reaches a maximum at c; the whole short- 
ening occupying about sec. 

4. Arrived at the maximum of shortening, the muscle at once 
begins to relax, the lever descending at first slowly, then very 
rapidly, and at last more slowly again, until at d the muscle has 
regained its natural length; the whole return from the maximum 
of contraction to the natural length occupying i, e. about ^ sec. 
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Thus a simple muscular contraction, a simple spasm as it is some- 
times called, produced by a momentary stimulus, such as an in- 
stantaneous induction-shock, consists of three main phases. 

1. A phase antecedent to any visible alteration in the muscle. 
This phase, during which invisible preparatory changes are taking 
place in the nerve and muscle, is often called the ‘latent period/ 

2. A phase of shortening or contraction. 

3. A phase of relaxation or return to the original length. 

In the case we are considering, the electrodes are supposed to be 
applied to the nerve at some distance from the muscle. Consequently 
the latent period of the curve comprises not only the preparatory ac- 
tions going on in the muscle itself, but also the changes necessary to 
conduct the immediate effect of the induction-shock from the part of 
the nerve between the electrodes, along a considerable length of nerve 
down to the muscle. It is obvious that these latter changes might 
be eliminated by placing the electrodes on the muscle itself or on 
the nerve close to the muscle. If this were done, the muscle and 
lever being exactly as before, and care were taken that the induction- 
shock entered into the nerve at the new spot, at the moment when 
the point of the lever had reached exactly the same point of the 
travelling surface as before, a curve like that shewn by the plain 
line in Fig. 5 would be gained. It resembles the first curve (indi- 
cated in the figure by a dotted line) in all points, ox ‘ept that the 



FlO. 6. CUEVES ILLUSTRATING THE MEASUREMENT OP THE VELOCITY OP A NEEVOUS 

Impulse, (Diagrammatic,) To be read from left to right. 

The same mnsole-nerre preparation is stimulated (1) as far as possible from the 
muscle, (2) as near as possible to the muscle ; both contractions are registered by the 
pendulum myo^aphion exactly in the same way. 

In (1) the stimulus enters the nerve at the time indicated by the line the con- 
traction, shewn by the dotted line, begins at 6'; the whole latent period therefore is 
indicated by the distance from a to V, 

In (2) the stimulus enters the nerve at exactly the same time a ; the contraction, 
shewn by the unbroken line, begins at & ; the latent period therefore is indicated by the 
distance between a and h. 

The time taken up by the nervous impulse in passing along the length of nerve 
between 1 and 2 is therefore indicated by die distance between h and which may be 
measured by the tuning-fork curve below. N.B. No value is given in the figure for 
the vibrations of the tuning-fork, since the figure is diagrammatic, the distance be- 
tween the two curves, as compared with the length of either, having been purposely 
exaggerated for the sake of simplicity. 
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latent period is shortened ; the contraction begins rather earlier 
From this we learn two facts. 

1. T he greater part of the latent period is taken up by db a nges 
in the muscle itself preparatory to the actual visibl^^ shor tenmg^ i 
the two latent perioas do not aiffer~ muchr* Of course, even ~in the 
second case, the latent period includes the changes going on in the 
short piece of nerve still lying between the electrodes and the mus- 
cular fibres. To eliminate this with a view of determining the latent 
period in the muscle itself, the electrodes should be placed directl}; 
on the muscle poisoned with urari. If this were done, it would 
still be found that the latent period was chiefly taken up by changes 
in the muscular as distinguished from the nervous elements. 

2. Such difference as does exist indicates the time taken up by 
the propagation, along the piece of nerve, of the changes set up at 
the far end of the nerve by the induction-shock. These changes we 
shall hereafter speak of, as constituting a nervous impulse; and the 
above experiment shews that it takes some appreciable time for a 
nervous impulse to travel along a nerve. In the figure the difference 
between the two latent periods, the distance between b and b\ seems 
almost too small to measure accurately; but if a long piece of nerve 
be used for the experiment, and the recording surface be made to 
travel very fast, the difference between the duration of the latent 
period when the induction-shock is sent in at a point close to the 
muscle, and that when it is sent in at a point as far away as possible 
from the muscle, may be satisfactorily measured in fractions of a 
second. If the length of nerve between the two points be accurately 
measured, the rate at which a nervous impulse travels along the 
nerve to a muscle can be easily calculated. This has been found 
to be in the frog about 28, and i n ma n about 33 metr es per second, (f 

Thus when a momentary stimulus, such as a single induction- 
shock, is sent into a nerve connected with a muscle, the following 
events take place. 

1. The creatio n at the spot stimulated of a nervQ ^ifS impulse, and 
the pro pagation of the imp ulse along the nerve to the muscle. The 
time taken up Fy this"TOries according to the length of the nerve. 
For the same length of nerve it is tolerably constant. 

2. The setting up of certain molecular changes in the muscle, 
unaccompanied by any visible alteration in its form, constituting the 
latent period , and occupying on an average about y^th sec. The 
time taken up by the latent period varies somewhat according to 
circumstances. 

3. The shortening of the muscle up to a maximum, occupying 
about sec. 

4. The return of a muscle to its former lengt h, occupying about 
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.•j^sec. Both these last events vary much in duration according to 
circumstances \ 


Tetanic Contractions. 

If a single induction-shock be followed at a sufficiently short in- 
terval by a second shock of the same strength, the first simple con- 
traction or spasm will be followed by a second spasm, the two bearing 
some such relation to each other as that shewn by the curve in 
Fig. 6, where the interval between the two shocks was just long 



Fig. 6. Tbacino of a Double Muscle Curve. To be read from left to right. 

While the muscle was eiigaged in the first contraction (whose complete course, had 
nothing intervened, is indicated by the dotted lin(‘), a second iudnction>shock was 
thrown in, at such a time that the second contraction began just as the first was 
beginning to decline. The second curve is seen start from the first as does the first 
from the base-line. 

enough to allow the first spasm to have passed its maximum before 
the latent period of the second was over, it will be observed that 
the second curve is almost in all respects like tlie first except 
that it starts, so to speak, from the first curve instead of from the 
base-line. The second nervous impulse has dieted on the already 
contracted muscle, and made it contract again just as it would have 
done if there had been no first impulse and the muscle had been at 
rest. The two contractions are added together and the lever raised 
nearly double the height it would have been by either alone. A 
more or less similar result would occur if the second contraction 
began at any other phase of the first. The combined effect is, of 
course, greatest when the second contraction begins at the maximum 
of the first, being less both before and afterwards. If in the same 
way a third shock follows the second at a sufficiently short interval, a 
third curve is piled on the top of the second. The same with a 
fourth, and so on. 

Whence we ver repeated shocks are given it i^foundjb^t the height 
of ea^^ con traction is rather less than *the preceding one, andTHis 
dirnmuSonhecomes more marked the greater the number of shocks. 
Hence after a certain number of shocks, the succeeding impulses do 

^ The measurements bore stated ore those ordinarily given. The onrve described 
in the previous text happened to have a rather long latent period, and the lengthening 
to be of Sorter instead of longer duration than the shortening. 



Chap, ii.] 


THE CONTRACTILE TISSUES. 


45 


not cause any further shortening. .of the muscle, any further raising of 
the lever, but merely keep up the contraction already existing. The 
curve thus reaches a maximum which it maintains, subject to the 
depressing effects of exhaustion, as long as the shocks are repeated. 
When th^se cease to be given, the muscle returns, in the usual way, 
at first very rapidly, and then more slowly, to its natural length. 
When the shocks do not succeed each other too rapidly, the indi- 
vidual contractions may readily be traced along tlie whole curve, as 
is seen in Fig. 7; where the primary current of the induction-machine 




Fio. 7. Muscle thbown into Tetanus, when the primary current op an Induotion- 

MACniNE IS REPEATEDLY BROKEN AT INTERVALS OF SIXTEEN IN A SECOND. 

To be read from left to right. 

The upper line is that described by tho muscle. The lower marks time, the 
intervals between the elevations indicating seconds. Tho intermediate line shews when 
the shocks were sent in, each mark on it corresponding to a shock. The lever, which 
describes a straight line before the shocks are allowed to fall into the nerve, rises almost 
vertically (the recording surface travelling in this case slowly) as soon as the first 
shock enters the nerve at a. Having risen to a certain height, it begins to fall again, 
but in its fall is raised once more by the second shock, and that to a greater height 
than before. The third and succeeding shocks have similar effects, the muscle 
continuing to become shorter, though the shortening at each shock is less. After a 
while the increase in the total shortening of tho muscle, though the individual con- 
tractions are still visible, almost ceases. At b, the shocks cease to be sent into the 
nerve ; the contractions dmost immediately disappear, and the lover forthwith com- 
meucos to descend. The muscle being lightly loaded, the descent is very gradual; the 
muscle had not regained its natural length when the tracing was stopped. 


was repeatedly broken at intervals of sixteen in a second. When the 
shocks succeed each other more rapidly, the individual contractions, 
visible at first,may become fused together and lost to view as the tetanus 
continues and the muscle becomes tired. When the shocks succeed 
each other still more rapidly (the second contraction beginning in the 
ascending portion of the first), it becomes diflScult or impossible to trace 
out the single contractions. The curve then described by the lever is 
of the kind shewn in Fig. 8, where the primary current of an induction- 
machine was rapidly made and broken by the magnetic interrupter, 
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Fig. 8. Tetanus produced with the ordinary Magnetic Intbrruptor of an Induc- 
tion-machine. (Hacobding bubfags travelling slowly.) To be read from left to right. 

The interrupted current being thrown in at a the lever rises rapidly, but at h the 
muscle reaches the maximum of contraction. This is continued till C| when the current 
is shut off and relaxation commences. 


Fig. 9. The lever, it will be observed, rises at a after the latent period 
(which is not marked), first rapidly, and then more slowly, in an appa- 
rently unbroken line to a maximum at about i, maintains the maxi- 
mum, subject to the effects of exhaustion, so long as the shocks con- 
tinue to be given, and when these cease to be given, as at c, gradually 
(descends to the base-line. This condition of muscle, brought about 
by rapidly repeated shocks, this fusion of a number of simple 
[spasms into an apparently smooth, continuous effort, is known as 
tetanuSy or tetanic contraction. The above facts are most clearly shewn 
when induction-shocks, or at least galvanic currents in some form or 
other, are employed. They are seen, however, whatevc \ be the form 
of stimulus employed. Thus in the case of mechani cal stimul i, a 
single blow given to a nerve may cause a single sp^m, l*epeated 
blows (if frequent enough) a tetanus. With chemical stimulation, 
as when a nerve is dipped in acid, it is impossible to secure a 
momentary application; hence tetanus, generally irregular in cha- 
racter, is the normal result of this mode of stimulation. In the 
living bod y, the contractions of the striated muscles, brought about 
eitnerTy the will or by reflex action, are generally tetanic in 
charac ter. Even very short sharp movements, such as a sudden 
jerk of the limbs, arc in reality examples of tetanus of short duration. 

Such being the general visible characters of muscular contrac- 
tions, we may now attack the miestions ; What changes in a nerve 
constitute a nervous impulse ? What changes in a muscle constitute 
a muscular contraction ? 


Changes in a Nerve daring the passage of a nervous impulse. 

These are of the same nature during the passage of either a single 
impulse leading to a simple muscular spasm, or repeated impulses 
leading to tetanus, the latter being .merely an accumulation of the 
former. 

1. There are no visible events. 
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Fio. 9. Thx Maonstic Iktebbuptob, 

The figure is introduced to illustrate the action of this instrument as commonly 
used by physiologists. 

The two wires tp and y from the battery are connected with the two brass pillars 
a and d by means of screws. Directly contact is thus made the current, indicated in 
the figure by the thick interrupted line, passes in the direction of the arrows, up the 
pillar a, along the steel spring as far as the screw c, the point of which, armed with 
platinum, is in contact with a small platinum plate on h. The current passes from b 
through c and a ooneoting wire into tne primary coil p. Upon its entering into the 
primary coil, an induced (making) current is for the instant developed in the secondary 
coil (not shewn in the figure). From the primary coil p the current passes, by a 
connecting wire, through the double spiral, m, and, did nothing happen, would con- 
tinue to pass from w by a connecting wire to the pillar d, and so by the wire y to the 
battery. The whole of this course is indicated by the thick interrupted line with its 
arrows. 

As the current however passes through the Bpirals m, the iron cores of these are 
made magnetic. They in consequence draw down the iron bar e, fixed at the end of 
the spring b, the flexibility of the spring allowing this. But when e is drawn down, 
the platinum plate on the upper surface of h is also drawn away from the screw c, and 
a similar platinum plate on the under surface of h is brought into contact with the 
platinum armed point of the screw /, the screws being so arranged that this takes 
place. In consequence of this change the current can no longer pass from h to c. On 
the contr^, it passes from h fo f, and so down the pillar d, in the direction indicated 
by the thin interrupted line, and out to the battery by the wire y. Thus the current 
is short-circuited” from the primary coil; and the instant that the current is 
thus cut off from the primary coil, an induced (breaking) current is for the moment 
developed in the secondary coil. But the current is cut off not only from the primary 
coil, but also from the spirals m ; in consequence their cores cease to be magnetized, 
the bar c ceases to be attracted by them, and the spring b, by virtue of its elasticity, 
resumes its former position in contact with the screw c. This return of the spring 
however re-establishes the current in the primary coil, and in the spirals, and the 
spring is drawn down, to be released once more in the same manner as before. Thus 
as long as the current is passing along a, the contact of b is constantly alternating be- 
tween c and/, and the current is constantly passing into and being shut off from p, the 
periods of alternation being determined by the periods of vibration of the sprmg b. 
With each passage of the current into, or withdrawal from the primary coil, an 
induced (making and, respectively, breaking) shock is developed in the secondary coil. 
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2. No chemical changes have been satisfactorily made out. 

3. No change in temperature or in the general physical conditions 
of the nerve have been satisfactorily observed. 

4. The only distinctly appreciable change is an electric one. 

Natural nerve-currents. If a piece of living nerve be placed on 
a pair of non-polarisable^ electrodes, connected with a sensitive gal- 
vanometer containing many convolutions, deflections of the galvano- 
meter-needle indicate the existence of currents which vary according: 
to the position of the electrodes. The greatest deflection is observed 
when one electrode is placed at the mid-point or equator** of the piece 
of nerve, and the other at either cut end ; and the deflection is of 
such a kind as to shew that positive currents are continually;„passin^ 
from the mid-point through the galvanometef to the clitj^ud, thal is 
to say, the cujLend is uegative relatively to the mid-point. The currents 
outside the nerve may be considered as completed by currents in the 
nerve from the cut end to the mid-point. Thus in the diagram Fig. 11, 
the arrows indicate the direction of the currents. If the one electrode 
be placed at the equator ah, the effect is the same at whichever 


1 These (Fig. 10) consist essentially of a slip of thoroughly amalgamated zinc dip- 
ping into a saturated solution of zinc sulphate, which in turn is brought into connection 



Fig. 10. Non-Polabisable Eleotbodes. 


a, the glass tube ; z, the amalgamated zinc slips connected with their respective 
wires ; the zinc sulphate solution ; ch,c, the plug of china clay ; c', the portion 
of the china-clay plug projecting from the end of the tube ; this can be moulded into 
any required form. 

with the nerve or muscle by means of a plug or bridge of china-clay moistened with 
dilute sodium chloride solution; it is important that the zinc should be thoroughly 
amalgamated. This form of electrodes gives rise to less polarisation than do simple 
platinum or copper electrodes. The clay affords a connection between the zinc and 
the tissue which neither acts on the tissue nor is acted on by the tissue. Contact of 
any tissue with copper or platinum is in itself sufficient to develops a current. 

> The transverse line containing all the mid-points, t.s. points midway between the 
two ends of the piece, is called the *equator.’ In the diagram, Fig. 11, the line ah is 
the equator. 
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Fia. 11. DlAaHAM illustiutino the electric currents of nerve and muscle. 

Being purely diagrammatic^ it may serve for a piece either of nerve or of muscle, 
except that the currents at the transverse section cannot be shewn in a nerve. The 
arrows shew the direction of the current through the galvanometer. 

ah the equator. The strongest currents are those shewn by the dark lines, as from a, 
at equator, to oe or to v at the cut ends. The current from a to c is weaker than 
from a to y, though both, as shewn by the arrows, have the some direction. A 
current is shewn from «, which is near the equator, to / which is farther from the 
equator. The current (in muscle) from a point in the circumference to a point 
nearer the centre of the transverse section is shewn at gh. From a to & or from 
X to yy there is no current, as indicated by the dotted lines. 

of the two cut ends x ox y the other is placed. If, one electrode 
remaining at the equator, the other bo shifted from the cut end to a 
spot c nearer to the equator, the current continues to have the same 
direction, but is of less intensity in proportion to the nearness of the 
electrodes. If the two electrodes be placed at unequal distances 
e and /*, one on either side of the equator, there will be a feeble 
current from the one nearer the equator to the one farther off, and 
the current will be the feebler, the more nearly they are equidistant 
from the equator. If they are quite equidistant, as for instance 
when one is placed on one cut end x, and the other on the other 
cut end y, there will be no current at all. These currents are 
spoken of as the natural nerve-currents. They are not transitory, 
they do not disappear immediately after they have manifested them- 
selves, but on the contrary continue for an indefinite period. They 
must therefore be maintained by changes taking place within the 
nerve. Hence they depend on the vital (nutritive) condition of the 
nerve. 

Du Bois-B-eymond ‘ found the electromotive force of the sciatic nerve 
of a frog to amount to *022 Daniell, while that of the rabbit did not 
exceed *026 Daniell. Engelmann* however obtained for the sciatic of the 
frog a value of *046 Daniell. 

1 GesammelU Ahhand. (1877) ii. 232. * Pflagei'd Arc/u'v, xv. (1877), p. 141. 

F. P. 4 



59 


NEGATIVE VARIATION 


[Book l 


Negative variation. When a nerve is stimulated, so that a 
nervous impulse passes along it, the natural nerve-current is dimin- 
ished ; it undergoes what is called a negative variation. This is not 
easily shewn in the case of a simple impulse, hut is very evident when 
the repeated impulses of tetanus are generated. Thus if in a long 
piece of nerve, one electrode be placed at one cut end and the other 
at some distance from it, so as to give a well-marked deflection of 
the galvanometer, and the other end of the nerve be tetanized with 
the induction-machine working with a magnetic interrupter, the 
needle of the galvanometer which before the stimulation was de- 
flected, say to 60 or 70 divisions of the scale on one side of zero, will 
now swing back considerably towards or to zero or even to some 
distance on the other side of zero. A similar negative variation is 
observed wherever the electrodes be placed, and whatever point be 
stimulated. The effect is not due to any escape from the stimulating 
current on to the electrodes, for it ceases when the nerve is tied 
between the point stimulated and the electrodes, yet the ligature 
does not interfere with the physical conduction of a current along 
the nerve, though it puts an end to the propagation of vital changes. 
Moreover the same negative variation is seen whatever be the mode 
of stimulation. It is not confined especially to electrical stimula- 
tion, but occurs also when cliemical or mechanical stimuli are used. 
The negative variation, like the natural current, is a vital phenomenon, 
and the intensity of both ebbs and flows with the changing vitality of 
the nerve. 

According to Bernstein^ the deflection of the needle occurring during 
the negative variation may on very strong stimulation amount to two 
or three times the deflection due to the natural current. 

When we come to study the changes which take place in a muscle 
during contraction wo shall see that the nerve and muscle of a frog 
may be used instead of a galvanometer, by the method known as 
‘ the rheoscopic frogV in which the natural current of one nerve, or 
the negative variation of that current, is used as stimulus to another 
nerve. And we shall learn from that experiment that when a 
nerve is tetanized, its natural current undergoes not a single, but 
a series of negative variations, each impulse in fact producing its 
own variation, so that repeated stimuli, corresponding in number to 
the variations, are thrown into the second nerve, and thus cause a 
tetanus in the attached muscle. This fact we cannot leam from the 
galvanometer, in which the needle from its inertia cannot follow 
rapidly enough the variations of the current, but gives one large swing 
which is the accumulation of the smaller swings due to the individual 
variations, just as the apparently continuous contraction of a tetanized 
mu^le is the summation of a number of simple spasms, 
j .then accompanyii^ a nervous^ impulse, of^which 

1 Vntersuch. U. d, Erregungsvorgang im Nerven- und MuskeUysteme, 1871. 

* See p. 63. 
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wgLa re a tjp resent cognisant, n egative variation of t he natural 1 

nerve-currehE Beyond the terminal effects of a muscular contrac- 
tion (in motor nerves and corresponding effects in sensory nerves), 
this is the one token we possess whereby we can judge of what is 
taking place in a nerve. 

By the help of an ingenious apparatus Bernstein^ has been able to study 
the way in which the negative variation passes over any given spot in a 
nerve. Suppose a nerve is stimulated with a single induction- shock at the 
point A ; and suppose the points By B\ of the nerve, at some distance from 
A, so chosen that they will give a natural nerve-current, are connected with 
a galvanometer. If the electrodes of By B' are permanently connected with 
the galvanometer, a negative variation will be observed every time A is 
stimulated. But suppose that the points By Hy instead of being permanently 
connected with the galvanometer, are only brought into connection with it 
for an inatanty and that at different small fractions of a second after A is 
stimulated; so that for instance on one occasion, the portion of nerve 
between B and B' is brought into momentary connection with the galvano- 
meter — is, as the telegraph engineers would say, * tapped,’ — at the very 
instant A is being stimulated ; and on another occasion, at an interval say 
of yJu sec. after A was stimulated, and so on; what should we ex^^ect to 
happen in reference to the nerve-current between B and H ? This Bernstein 
investigated. Instead however of simply stimulating A once only on each 
occasion, he repeated the stimulation several times a second, bringing By B' 
into momentary connection with the galvanometer at each stimulation. 
He thus had under his notice not the slight and probably hardly recog- 
nisable effect of a single stimulation, but the cumulative effect of several 
stimulations, the nerve being ‘tapped’ at exactly the same fraction of a 
second after the stimulation in each series of stimulations. By varying the 
interval in a number of series of stimulations, his apparatus consisting 
mainly of a revolving disc with moveable adjuncts, he was able to explore 
the condition of the natural current and the amount of negative variation 
at By B* (luring the whole interval between any two successive stimulations 
of A, He found that if B were tapped at the same instant that the shock 
passed through Ay there was no negative vaiiatioii at all of the natural 
cuiTent. When B was tapped a very small fraction of a second later a 
slight variation was observed, a little later still the variation was found to 
be greater, still later it Lad reached a maximum; beyond this it began 
to decline, and so at last an interval was reached, at which the negative 
variation was again wholly absent. It had in fact in this last case passed 
over By before B was tapped. These observations shew that the negative 
variation passes over any given spot of the nerve in the fonn of a wave, 
rising rapidly to a maximum and then more gradually declining again. 
Bernstein found that it travelled in the nerves ot the frog at about the rate 
of 28 metres in a second, a rate identical, it will be noted, with that of the 
nervous impulse determined in quite other ways. He also found that the 
whole wave took '0007 sec. to pass over any given point in a nerve. Con- 
sequently the length of the wave was about 18 mm. 

Assuming, as we fairly may do, that the negative variation is a satisfac- 
tory sign of the whole set of changes which constitute a nervous impuls^ 

1 Op, ciu 
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Tre may say that a nervous impulse is a molecular disturbance propagated 
along the nerve in the form of a wave^ of the length, and possessing the 
velocity, mentioned above. 


The Changes in a Muscle during contraction. 

Electrical changes. These deserve to be considered apart from 
the rest, because they alone are definitely known to occur in the 
latent period. A living muscle exhibits natural muscle-currents 
altogether similar to the natural nerve-currents but far more powerful. 
The diagram, Fig. 11, applies to muscle as well as to nerve. In a 
cylindrical or prismatic muscle with regularly disposed parallel fibres 
the equator is positive relatively to either en^ or to points between 
t&e end and the equator ; and points on either side of the equator 
are positive or negative the one to the other, according to their 
distance from the equator. The muscle-currents are obtained not 
only from muscles still retaining their natural tendinous terminations, 
but also, and even in a more striking degree, from muscles the ends 
of which have been cut oflf, thus presenting terminal artificial trans- 
verse sections instead of the natural tendinous ones. In these, more- 
over, it is seen that tjie. circumference of the tran§y.er^e section is 
pp^tive relatively to the centre, as shewn at gr to A in Fig. 11. (In 
nerves this is not satisfactorily seen.) Thus, of all the points of a 
muscle the centre of either terminal transverse sec and any point 
on the equator of the muscle are the most negative and positive 
relatively to each other. The currents are shewn not only with 
artificial transverse sections, but also with artificial longitudinal 
sections. In fact, in a mere piece of muscle the same distribution 
of currents may be witnessed. 

Du Bois-Reymond^ finds the electromotive force of the natural current 
of a frog’s muscle (gracilis or semimembranosub) to amount sometimes to 
•08 Daniell. That of the muscle of a rabbit never exceeded *049 DanielL 
It has been said that the currents in a muscle with artificial transverse 
sections are often more marked than those of an intact muscle. In fact, 
frequently when a muscle is removed with extreme care from the body, 
and the tendinous origins and insertions allowed to remain bathed in their 
natural lymph, the cui rents observed are very feeble indeed or even wholly 
absent. On dipping the tendon in acid or water however, strong currents 
are at once developed. To explain this Du Bois-Reymond supposes that 
I the extreme end of the muscle is in the natural condition protected by 
\ a layer of positive elements whose action masks the natural current. It is 
not until this parelectronomic layer, as he calls it, has been removed by the 
application of bome reagent or by changes taking place in the muscle itself, 
that the natural current can manifest itself in its proper strength. Her- 
mann, on the other hand, regards the absence of curi:snts as the natur al 
condition of the muscle (or nerve). He explains the current obtained with 


1 Gesammlte AlhandL n. 2i2« 
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the artificial transverse section as due to ij te exposed layer of muscular (or 
ne rvous) subs tance, as it die s or ente rs intorigormorfisrfeoming negative 
reTaliv^efylto"^^ substan ce. Where natural currents are mani- 

fested in untouched mu8cTes7 ihe terminal portions of the fibres may be 
stipposed to be dying in advance of the median portions. Under this view 
the negative variation during contraction (of which we shall speak directly) 
is of courae to be regarded as an independent current generated by the 
molecules of the muscular substance becoming negative during the latent 
period, the negativity sweeping along the fibre in advance of the con- 
traction-wave. Engelmann^ has brought forward a strong support of 
Hermann’s view, by shewing that in the heart, unstriated muscles, and 
nerves, the current produced by a recently prepared artificial section sinks 
in the course of some hours almost to nil, but may be revived to its original 
strength by a fresh section slightly in advance of the old one. In the 
present state of our knowledge, there are many difficulties in the way of 
accepting either one view or the other, and a discussion of the subject 
sufficiently exhaustive to be of any value would be beyond the scope of this 
work. The reader who wishes to enter more fully into the matter is 
referred to the memoirs contained in Du Bois-Keymond, Gesamimlte 
Ahhandlungen, 1875 — 77, Hermann, Uutermch, hmt FhysioL d. Masheln 
und Nervni^ 18G7 — G8, and numerous papers in Pfliiger’s Archiv, 

The currents are in part dependent on the form of the muscle or piece 
of muscle. Thus in a rhomb the blunt angles are positive towards the acute 
ones, and the natural currents are obscured by currents, the so-called 
currents of indinatloiiy ])assing from the latter to the former. Hence the 
scheme of natural currents, illustrated by the diagram. Fig. 11, only holds 
good for regular muscles, the fibres of which are all parallel, ending in 
tolerably rectangular terminations. In an irregular muscle, such as the 
gastrocnemius, for instance, in which the currents of inclination are very 
]) renounced, tlie diagrammatic representation of the various currents gives a 
complicated figure wholly unlike Fig. 11*. 

During a co n traction the natural muscle-current undergoes a 
ncjnrative variatio n, ^ot easily^ seen in a single spasm, tliis is exceed^ 
in^y oEvious during tetanus. If a pair of electrodes be placed on a 
muscle, one at the equator, and the other at or near the transverse 
section, and thus a considerable deflection of the galvanometer be 
gained, indicating a considerable natural current, the needle of the 
galvanometer will, when the muscle is tetanized by an interrupted 
current sent through its nerve (at a point too far from the muscle 
to allow any escape of the current into the electrodes connected with 
the galvanometer), swing back towards zero; it returns to its original 
deflection when the tetanizing current is shut off. 

This negative variation may not only be shewn by the galvano- 
meter, but it, as well as the natural current, may be used as a galvanic 
shock and so employed to stimulate a muscle, as in the experiment 
known as ‘ the rheoscopic frog.' For this purpose sensitive muscles 
and nerves in thoroughly good condition are required. Two muscle- 

^ Pfliiger’s Archiv^ xv. (1877), p. 116, p. 828. 

* Cf. Du Bois-Beymo^^ op. cit ii. 63. 
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'nerve preparations having been made and each placed on a glass 
mate for the sake of insulation, the nerve of the one is allowed to 
fall on the muscle of the other in such a way that one point of the 
nerve comes in contact with the equator of the muscle, and another 
point with one end of the muscle or with a point at some distance 
from the equator. At the moment the nerve is let fall and contact 
made, a current passes through the nerve ; this acts as a stimulus to 
the muscle connected with the nerve, and causes contraction in it. 
So the muscle A acts as a battery, the completion of the current of 
which by means of the nerve of B, serves as a stimulus, causing B 
to contract* 

If while the nerve of B is still in contact with the muscle of A , 
the nerve of the latter is tetanized with an interrupted current, not 
only is the muscle of A thrown into tetanus but also that of B ; the 
reason being as follows. At each spasm of which the tetanus of A is 
made up, there is a negative variation of the muscle-current of A. 
Each negative variation in the muscle of A serves as a stimulus to 
the nerve of B^ and is hence the cause of a spasm in the muscle of 
B\ and the stimuli following each other rapidly as they must do 
being produced by tetanus of A^ the spasms in B to which they give 
rise are also fused into a tetanus in B. B in fact contracts in 
harmony with A. This experiment shews that the negative variation 
accompanying the tetanus of a muscle, though it causes only a single 
movement of the galvanometer, is really made up of a series of 
negative variations, each single negative variation cc responding to 
the single spasms of which the tetanus is made up. 

Similar results are arrived at, though less readily, if the nerve of 
Bf instead of being allowed to fall on the muscle fA Ay is placed in 
contact with two points of the nerve of A, so situate as to develope 
a current. When the nerve of B is let fall on the two points of the 
nerve of A, so chosen that a nerve-current may be expected to pass 
between them, a single spasm, caused by the completion or making 
of the circuit of the nerve-current, may sometimes be observed in the 
muscle of B. When the nerve of A is tetanized with an interrupted 
current, the muscle of B is thrown into tetanus ; in these cases it is 
the natural current (or its variation) of the nerve and not of the 
muscle, which acts as a stimulus. 

The negative variation falls entirely within the latent period. It is 
over and gone before the actual shortening commences. It is in fact 
a token of something like a nervous impulse passing over the muscular 
fibre as a forerunner of the events which lead to a change of form. 

Bernstein' has studied the histoiy of this negative variation in 
muscle. He finds that it, like the negative variation in the nerve, travels 
in the form of a wave, with a velocity of about 3 metres. It is about ^ 
second in passing over any ^veu point, and therefore has a wave-length of 
about 10 mm. Compared with the nerve-wave, therefore, it is much shorter 

^ Qp* ciu 
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and slower. These results were obtained by stimulating directly one end 
of a long muscle poisoned with urari in order to eliminate the nerves 
(see p. 36). The impulse then travelled away fram the end stimulated 
^ong the whole length of the muscle. (When the muscle is stimulated 
through a nerve, the impulse starts from the end-plates, often situated in 
the middle of a fibre, and proceeds in both directions, up and down. Such 
a condition would be most unfavourable for studying the progress of the 
impulse.) We learn from this that there passes over the muscle, in the 
latent period before any change of form takes place, an impulse-wave, not 
unlike a nervous impulse and yet distinctly diifering from it. In its steep- 
ness and sluggishness the wave foreshadows the motor changes it is about 
to inaugurate. 

Contrary to the case of a nerve, Bernstein found that, in a muscle, 
when the natural current was obtained by help of an artificial tmns verso 
section, the deflection indicating the negative variation never exceeded the 
deflection of the natural current. The effect of the natural curi*ent might be 
reduced to nil, but, the needle was never carried, as it might be in a nerve, 
a long way the other side of zero. 

2. Change of Form. At the close of the latent period the 
muscle shortens, that is, each fibre shortens, at first slowly, then 
more rapidly, and lastly more slowly again. The shortenin g (which 
in^ gever e tetanus may amount t.n of th^.. length of the 

muscle)^ Is accompanied by an almost exactly corresponding thicken - 
ing , so that there is hardly any actual change in bulk. If a muscle 
he placed horizontally, and a lever laid upon it, the thickening of the 
muscle will raise up the lever, and cause it to describe on a 
recording surface a curve exactly like that described by a lever 
attached to the end of the muscle. There appears to bo a minute 
diminution of bulk not amounting to more than one thousandth. 

If a long muscle of parallel fibres, poisoned with urari, so as to eliminate 
the action of its nerves, be stimulated at one end, the contraction may be 
seen, almost with the naked eye, to start from the end stimulated, and to 
travel along the muscle. If two levers be made to rest on, or be suspended 
from two points of such a muscle phiced horizontally, the points being 
at a known distance from each other and from the point stimulated, the 
progress of the contraction may be studied. It is found that the con- 
traction, like the preceding impulse, passes along the muscle in the form 
of the wave, with a velocity in the frog of about 3 or 4 (3*869) metres in a 
second ; its duration at any given point varies from *0533 to *0984, and 
hence it possesses a wave-length of from 198 — 380 mm. This statement is 
taken from Bernstein Hermann* makes the rate about 3 metres. Aeby 
previously had given *8 — 1'2 metres per sec., and Engelmann 1*17 m. per 
sec. as the velocity. The slowness and the enormous length of this con- 
traction-wave place it in strong contrast with the impulse-wave. Seeing that 
the extreme limit of the length of a muscular fibre is about 3 to 4 cm., it is 
evident that in an ordinary contraction, even when the stimulation begins 
at one end, the whole fibre is not only in a state of contraction at the same 

1 Op. cit. See also Du Bois-Eeymond*s Archiv, 1876, 626, 

* Pflttger*s Archiv, x. (1876), 48, 
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time, but almost in the same phase of the contraction-wave. Still more is 
this the case when, as in ordinary stimulation through a nerve, the con- 
traction begins at or near the middle of a fibre in an end-plate, or at two 
points (end-plates) of the same fibre at the same time. Nevertheless the 
length of the contraction-wave must vary within very wide limits. Thus 
in muscles examined under the microscope exceedingly short waves occupy- 
ing only a small portion of the length of a fibi’e are frequently witnessed. 
These however may be regarded as the abnormal results of exhaustion and 
commencing deaths 

A muscle in the body, or one out of the body when suflBciently 
loaded, returns after the contraction completely to its former length. 
Out of the body and unloaded, it generally falls somewhat short of this. 

The other changes in muscle arc of a kind which cannot be 
restricted to any exact period of the whole event, and as a rule are 
much more distinctly recognised as the result of tetanus than of a 
single spasm. 

3. Physical changes other than electrical. During a contrac- 
tion the tem peratur e of the muscle rises. This may be ascertained 
with a thermopile and galvanometer ; a delicate thermometer plunged 
into the midst of the muscles of the thigh of a frog, will also 
indicate a rise of temperature when these are tetanised. In a frog’s 
muscle, the rise from a single contraction may, it is stated, reach 
•005^ C.; in tetanus it may amount to T5® C. 

The extensibility of the muscle is increased. L 4ng muscle at 
rest is very extensible, and its elasticity Ts very perfect, i.e. after 
extension it returns almost exactly to its natural length. 

When a muscle is extended by a senes of weights increasing in magni- 
tude, the curve (obtained by making the weights abscissje and the exten- 
sions ordinates) is not a straight line, as is the case with dead elastic bodies, 
but a hyperbola. 

If a muscle at rest be loaded with a given weight, say 50 
grammes, and its extension observed, and be then while unloaded 
thrown into tetanus, and the load applied during the tetanus, the 
extension in the second case will be distinctly greater than in the 
first, indicating a marked increase of extensibility during contraction. 

DtoipgAfitanuajat inuscle^^es out a sound, the muscular sound. 
This may be heard by applying' the "stethoscope to a muscle during 
contraction. It may be also heard by stopping the ears, and causing 
the masseter and temporal muscles to contract. When a muscle is 
thrown into tetanus by the will or by reflex action or by direct stimu- 
lation of the spinal cord, in fact, in any way through the action of 
the central nervous system, the same note is always heard, viz. one 
indicating IflA-yibfatiW second . 

The note actually heard is one indicating 39 (36 to 40) vibrations per 
sec. This is, however, an harmonic of the primary note of the whole sound. 
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When a muscle is thrown into tetanus by interrupted shocks 
applied directly to the nerve or to the muscle, the note is the same 
as that of the interniptor determining the number of the shocks. 
This is naturally the case, since the note of the muscle-sound is 
determined by the rapidity of the spasms or vibrations which go to 
make up the tetanus, and these are determined by the rapidity with 
which the stimulus is repeated. 

4. Chemical Changes. Acid is set free. A living muscle at 
rest is in reaction neutral, or, from some remains of lymph adhering to 
it, faintly alkaline. Tested by litmus paper it is frequently amphi- 
chroitic, i.e. it will turn blue litmus red and red litmus blue, — but the 
change from red to blue is more marked than that from blue to red. 
If a muscle thus found neutral or alkaline be tetauized vigorously, 
and its reaction then tested, it will be found to bo most distinctly 
acid. The red colouration of the blue litmus thus obtained is per- 
manent, and cannot therefore be due to carbonic acid. 
due to sarcolactic acid \ 

O fi^^bonic yid is set fr^ _ m grea t excess. Blood in passing 
through a Irving muscle in the^oay,‘ffom being arterial becomes 
venous, i.e. the muscle takes up oxygen and gives out carbonic acid. 
This it does even when at rest ; during contraction the quantity of 
carbonic acid is increased largely. There is also an increase in the 
assumption of oxygen, but not at all in the ratio of the carbonic acid 
given out. To this point we shall return in speaking of respiration. 
If a muscle, ex, gr. a frog’s muscle, removed from the body, be sus- 
pended in an atmosphere of known composition containing oxygen, 
a steady consumption of oxygen and a steady production of carbonic 
acid continues to take place for some time. When the muscle is 
tetanized, a very large increase in the production of carbonic acid is 
observed, but none or a very slight one only in the consumption of 
oxygen. A frog’s muscle will continue to live for a while and to 
contract vigorously in an atmosphere perfectly free from oxygen. 
Now a muscle contains in itself no free or loosely combined oxygen 
such as would serve for its own oxidation. When a frog’s muscle is 
subjected to the action of a mercurial air-pump, no oxygen can bo 
extracted from it. In this respect muscle differs markedly from 
blood, which, as we shall see in dealing with respiration, gives up a very 
considerable quantity of oxygen to a vacuum. Hence when a muscle, 
itself containing no free or available oxygen, contracts in an atmo- 
sphere also free from oxygen, it is evident that during the contraction 
no direct oxidation takes place. Nevertheless the production of 
carbonic acid as the result of contraction goes on all the same. From 
this it is clear that t he carbonic acid which is produced during 
contraction, c annot pome from the direct pxidation of any car j^fltt 
c ompound s. It probably has ite ^ourceTn" th^splitti^'up oi^Oi a^ 
comple x bodipHj and the great parallelism whlcn is found between 

See p. 84. 
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the amount of carbonic acid and of sarcolactic acid formed suggests 
the idea that they have a common origin. 

The other chemical changes in muscle have not been clearly made 
out, 

Helmholte shewed long ago that by continued contraction the sub- 
stances in muscle which are soluble in water, Le. the aqueous extractives, are 
diminished, while those which are soluble in alcohol are increased. In 
other words, during contraction some substance or substances soluble in 
water are converted into another or other substances insoluble in water but 
spljahlfi. in-Alcqhol. Ranke* concluded from his observations that the 
^ proteids are slightly diminished, and that sugar and fats are produced; 
but the data for these conclusions are, at present at all events, insufficient. 
It has been suggested that the glycogen naturally present in muscle is 
during contraction converted into sugar. The failure to obtain any satis- 
factory evidence of tho production of nitrogenous crystalline bodies as the 
result of contraction is of interest; for though urea is conspicuous by its 
absence from muscle both during rest and after contraction, some observers 
have thought that the kreatin in muscle is increased by contraction: this 
has not been definitely proved. 

Putting all these facts together, the following may be taken as a 
brief approximate history of what takes place in a muscle and 
nerve when the latter is subjected to a single induction-shock. At 
the instant of the induced current passing through the nerve, 

' changes occur, of whose nature we know nothing certt m except that 
they occasion a negative variation of the natural nerve-current. 
These changes propagate themselves along the nerve in both direc- 
tions as a nervous impulse in the form of a wave, having a wave- 
length of about 18 mm., and a velocity (in frog’s nerve) of about 28 m. 
per sec. Passing down the nerve-fibres to the muscle, flowing along 
the branching and narrowing tracts, the wave at last breaks on the 
end-plates of the fibres of the muscle. Here it is transmuted into a 
muscle-impulse, with a shorter steeper w^ave, and a markedly dimin- 
ished velocity (about 3 m. per sec.). This muscle-impulse, of which we 
know hardly more than that it is marked by a negative variation in 
the muscle-current, travels from each end-plate in both directions to 
the end of the fibre. What there becomes of it we do not know, but it 
is immediately followed by the visible contraction-wave, travelling 
behind it at about the same rate, but with a vastly increased wave- 
length. The fibre, as the wave passes over it, swells and shortens, 
bringing its two ends together, its molecules during the change of 
form arranging themselves in such a way that the extensibility of the 
fibre is increased, while at the same time an explosive decomposition 
of material takes place, leading to a burst of carbonic and sarcolactic 
acids, and probably of other unknown things, with a considerable 
development of heat. 


^ Tetanus, 1865 . 
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The nature of the changes through which an electric current is 
able to generate a nervous impulse, 

* Action of the Constant Cnirent. There now comes before us 
the question, In what way is an induction-shock, single or repeated, 
thus able to generate a nervous impulse or impulses ? In an induc- 
tion-shock we have a galvanic current of short duration, possessing 
certain characters of its own. What happens when a constant gal- 
vanic current is sent into a nerve direct from the battery? On 
examination the results, as far as muscular contraction is concerned, 
are found to vary considerably according to circumstances. Thus a 
c ontract ion^ jingle may be witnessed when the current is 

made (thrown into the nerve), or when it is broken (taken away 
from the nerve), or at both events. Under certain conditions of the 
nerve and muscle a strong constant current may produce at making 
or breaking, not a simple spasm, but a prolonged and pronounced 
tetanus. This when it occurs is spoken of as the ‘ making tetanus * 
or ‘ breaking tetanus.* These however are exceptional ; and as a 
general rule it may be stated, while the currept is passipg^ pro videtl 
th at its intpsity re mains uniform^_no contraction is jgr^ducfiid. It 
requires cither a su(I3en~increase or a sudden decrease in the in- 
tensity (make and break being themselves a maximum increase and 
decrease), in order to generate a nervous impulse, and so to produce 
a contraction. 

Electrotonus. Nevertheless, even in the absence of all contrac- 
tions, the nerve, both between and beyond the electrodes, is, during 
the passage of the constant current, in a peculiar condition known 
as ‘ electrotonus.’ The marked features of the electrotonic condition 
is that the nerve though apparently quiescent is changed in respect 
to its irritability ; and that in a different way in the neighbourhood 
of the two electrodes respectively. Suppose that on the nerve of a 
muscle-nerve preparation are placed two (non-polarisable) electrodes 
(Fig. 12, a, Ic) connected with a battery and arranged with a key so 
that a constant current can at pleasure be thrown into or shut off 
from the nerve. This constant current, whose effects we are about 
to study, may be called the ^polarizing current/ 

Let a be the positive electrode or anode, and k the negative 
electrode or kathode, both placed at some distance from the muscle, 
and also with a certain interval between each other. At the point x 
let there be applied a pair of electrodes connected with an induction- 
machine. Let the muscle further be connected with a lever, so that 
its contractions can be recorded, and their amount measured. Before 
the polarizing current is thrown into the nerve, let a single induction- 
shock of known intensity (a weak one being chosen, or at least not 
one which would cause in the muscle a maximum contraction) be 
thrown in at x. A contraction of a certain amount will follow. That 
contraction may be taken as a measure of the irritability of the nerve 
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Fig. 12. Muscle-neiive Preparations, with the nerve exposed in -4 to a descending 
and m J> to an ascending constant current. 

In each a is the anode, k the kathode of the constant current, x represents the 
spot where the induction- shocks used to teat the irritability of the nerve aie sent in. 


at the point x. Now let the polarizing current be thrown in. and let 
the direction of the current be a descending one, with the kathode or 
negative pole nearest the muscle, as in Fig. 12 J.. If while the 
current is passing, the same induction-shock as before be sent 
through a?, the contraction which results will be fou ^ to be greater 
than on the former occasion. If the polarizing cun-ent be shut off, 
and the point x after a short interval again tested with the same 
induction-shock, the contraction will be no longer greater, but of the 
same amount, or perhaps not so great, as at first. During the pas- 
sage of the polarizing current, therefore, the irritability of the nerve 
at the point x has been temporarily increased, since the same shock 
applied to it causes a greater contraction in the muscle than in the 
absence of the current. But this is only true so long as the polar- 
izing current is a descending one, so long as the point x lies on the 
side of the kathode. On the other hand, if the polarizing current 
had been an ascending one, with the anode or positive pole nearest 
the muscle, as in Fig. 12 B, the irritability of the nerve at x would 
have been found to be diminished instead of increased by the 
ipolarizing current. That is to say, that when a constant current 
is applied to a nerve, the irritability of the nerve between the 
'polarizing electrodes and the muscle is increased when the kathode 
IS nearest the muscle (and the polarizing current descending) 
land diminished when the anode is nearest the muscle (and the 
polarizing current ascending) during the passage of the current. The 
same result, mutatis mutandis, and with some qualifications to be 
referred to directly, would be gained if x were placed not between 
the muscle and the polarizing current, but on the far side of the 
latter. Hence it may be stated generally that during the passage 



Chap, il] THE CONTRACTILE TISSUES. 61 

of a constant current through a nerve the i rritahHity of ig 

inejeftSfid in the region of the kathode, anc^ dir^jnisbefj^^Tn^^rp 
ofjjia-ausuie. The chanps in the nerve which give rise to tES" 
increase of irritability in the region of the kathode are spoken of as 
IcateleotrotonuSy and the nerve is said to be in a katelectrotonic con- 
dition. Similarly the changes in the region of the anode are spoken 
of as anelectrotonuSy and the nerve is said to be in an anelectrotonic 
condition. It is also often usual to speak of the katelectrotonic 
increase, and anelectrotonic decrease of irritability. 

This law remains true whatever be the mode adopted for deter- 
mining the irritability. The result holds good not only with a single 
induction-shock, but also with a tetanizing internipted current, with 
chemical and with mechanical stimuli. The increase and decrease 
of irritability are most marked in the immediate neighbourhood of 
the electrodes, but spread for a considerable distance in either direc- 
tion in the extrapolar regions. The same modification is not confined 
to the extrapolar region, but exists also in the intrapolar region. In 
the intrapolar region there must be of course an indifferent point, 
where the katelectrotonic increase merges into the anelectrotonic 
decrease, and where therefore the irritability is unchanged. When 
the polarizing current is a weak one, this indifferent point is nearer 
the anode than the kathode, but as the polarizing current increases in 
intensity, draws nearer and nearer the kathode (sec Fig. 13). 



Fig. 13 . Diagram Illustrating the Variations of Irritability during Electro- 
tonus, WITH Polarizing Currents of Increasing Intensity (from Pfliiger). 

The anode is supposed to be placed at A, the kathode at B; AB is consequently 
the intrapolar district. In each of the throe curves, the portion of the curve below 
the base line represents diminished irritability, that above, increased irritabihty, 
Vj represents the effect of a weak current ; the indifferent point rj is near the anode A. 
In ?/g, a stronger current, the indifferent point acj is nearer the kailiode B, the diminu- 
tion of irritability in anelectrotonus and the increase in katelectrotonus being greater 
than in y . ; the effect also spreads for a greater distance along the extrapolar regions 
in both directions. In the same events are seen to be still more marked. 

The katelectrotonic increase and anelectrotonic decrease reach a 
maximum soon after the making of the polarizing current, and 
thenceforward gradually diminish. The two effects however are not 
quite parallel. The katelectrotonic increase is the first to be de- 
veloped; it rapidly rises to a maximum and somewhat rapidly 
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deolines. The anelectrotonic decrease is not manifest at first ; when 
it does appear it increases bIowIji and having reached a maximum 
diminishes slowly again* 

When the polarizing current is shut off there is a rebound at either 
pole; a temporary increase of irritability in the anelectrotonic and a tem- 
porary decrease in the katelectrotonic regions. 

The amount of increase and decrease is dependent: (1) On the 
strength o f the current, the stronger current up to a certain limit 
producing the ^eater effect. (2) On the irritabili^ of the nerv e, the 
more irritable, better conditioned nerve bemgtHe more affected by a 
current of the same intensity. 

The increase or decrease of irritability applies not only to the 
origination of impulses, but also to their propagation or conduction. 
At least anelectrotonus offers an obstacle to the passage of a nervous 
impulse. 

These variations of irritability at the kathode and anode respec- 
tively must be the result of molecular changes, brought about by the 
action of the constant current. We are not at present able to say 
what those molecular changes are, but we have evidence of physical 
phenomena accompanying and probably connected with the physio- 
logical phenomena just described. 

During the passage of a constant current through a nerve, 
variations in the electric currents of the nerve analogous in many 
respects to the variations of the irritability of the nerve may be 
witnessed. Thus if a constant current supplied %y the battery 
P (Fig. 14) be applied to a piece of nerve by means of two non- 
polarisable electrodes p, p\ the currents obtainable from various 
points of the nerve will be different during the passage of the polariz- 
ing current from those which were manifest before or after the current 
was applied ; and, moreover, the changes in the nerve-currents pro- 
duced by the polarizing current will not be the same in the neigh- 
bourhood of the anode (p) as those in the neighbourhood of the kathode 
(p'). Thus let G and Hh^ two galvanometers so connected with the 
two ends of the nerve as to obtain good and clear evidence of the 
natural nerve-currents. Before the polarizing current is thrown into the 
nerve, the needle of H will occupy a position indicating the passage of 
a current of a certain intensity from h to h! through the galvanometer 
(from the positive longitudinal surface to the negative cut end of the 
nerve), the circuit being completed by a current in the nerve from 
K to h, i.e, the current will flow in the direction of the arrow. 
Similarly the needle of O will by its deflection indicate the existence 
of a current flowing from g to g' through the galvanometer, and 
from g' to g through the nerve, in the direction of the arrow. 

At the instant that the polarizing current is thrown into the 
nerve at pp\ the currents at gg\ hli will suffer a negative variation 
corresponding to the nervous impulse, which, at the making of the 
polarizing current, passes in both directions along the nerve, and may 
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Fia, 14 . Diagram illustrating Electrotonus. 

P the polarizing battery, with h a key, p the anode, and p' the kathode. At the left end 
of the piece of nerve the natural current flows through the galvanometer G from 
q to g' in the direction of the arrows ; its direction therefore is the same as that 
of the polarizing cuiTent ; consequently it appears increased as indicated by the 
sign + • The current at the other end of the piece of nerve, from ft to ft , through 
the galvanometer if, flows in a contrary direction to the polarizing current ; it 
consequently appears to be diminished, as indicated by the sign - • 

N.B. For simplicity’s sake, the polarizing current is here supposed to be thrown 
in at the middle of a piece of nerve, and the galvanometer placed at the two ends. Of 
course it will be understood that the former may be thrown in anywhere, and the 
latter connected with any two pairs of points which will give currents. 


cause a contraction in the attached muscle. The negative variation 
is, as we have seen (p. 54), of extremely short duration, it is oyer 
and gone in a small fraction of a second. It therefore has^ nothing 
to do with a permanent effect which, in the case we are dealing with, 
is observed in both galvanometers. This effect, which is dependent 
on the direction of the polarizing current, is as follows: Supposing 
that the polarizing current is flowing in the direction of the arrow 
in the figure, and therefore passing in the nerve from the positive 
electrode or anode p to the negative electrode or kathode ^ , it is 
found that the current through the galvanometer O is increas^, 
while that through H is diminished. We may explain this result by 
saying that the polarizing current has developed in the nerve outside 
the electrodes a new current, the ‘electrotonic* current, having the 




G4 


ELECTROTONIC CURRENTS. 


[Book i. 


same direction as itself, M’hich adds to, or takes away from, the 
natural nerve-current, according as it is flowing in the same direction 
or in an opposite one. 

The strength of the electrotonic current is dependent on the 
strength of the polarizing current, on the length of the intrapolar 
region which is exposed to the polarizing current, and on the irri- 
tability or vital condition of the nerve. A dead nerve will not 
manifest an electrotonic current, and the propagation of the elec- 
trotonic current is stopped by a ligature ; the current is therefore 
a vital not a mere physical phenomenon, and the effects produced on 
the galvanometer are certainly not in any way due to a mere escape 
of the polarizing current along the nerve. 

The application of the constant current then throws a nerve, 
during its passage, into a peculiar condition characterized by the 
appearance of a new (electrotonic) current. This we may speak of 
as a physical elcctrotonus analogous to that physiological electrotonus 
which is made known by variations in irritability. And the general 
laws of the one are so parallel to those of the other that it seems 
diflBcult not to suppose that they are fundamentally connected. In 
the example given above, which was chosen for its simplicity, the 
electrotonic current diminishes the effect of the natural nerve-current 
in the neighbourhood of the kathode, where, as we have seen, irrita- 
bility is increased, and increases the effect of the natural nerve- 
current in the neighbourhood of the anode, where, as we have seen, 
irritability is diminished. But an electrotonic current may make its 
appearance when the electrodes of the galvanometer a e so disposed 
that no natural current is indicated, and therefore we cannot speak 
of the natural current being either increased or diminished. More- 
over, the electrodes of the galvanometer may be so placed in reference 
to the polarizing current (as for instance when the polarizing current 
is brought to bear entirely on one side of the equator of a piece of 
nerve) that the natural current may appear to be increased at the 
kathode, and diminished at the anode. It is best in fact to consider 
the electrotonic current as distinct from the natural current. And 
since there are differences observable between the effects at the 
kathode and those at the anode, irrespective of the natural currents, 
we may complete the analogy of the physical with the physiological 
electrotonus by speaking of a katelectrotonic current and an anelec- 
trotonic current. 

The katelectrotonic current, like the katelectrotonic increase of iirita- 
bility, rises very rapidly (almost immediately) to a maximum and then 
speedily declines. The anelectrotonic current, like the anelectrotonic 
decrease of irritability, rises slowly to a maximum and slowly declines. 
And geneially the katelectrotonic current is less than the anelectrotonic. 

The electromotive force of the electrotonic current may be much 
greater than that of the natural nerve-current, so that when the latter is 
opposed in direction to the former, the needle of the galvanometer may be 
can*ied a considerable distance beyond zero. There are difficulties in the 
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wi^ of estimating the force exactly, but Du Bois-Beymond' gives as an 
instance an electromotive force of *5 Daniell for the anelectrotonio and *05 
Dauiell for the katelectrotonic current. 

There are practical difficulties in the way of demonstrating the exist- 
ei^ce of an electrotonic current, in the intrapolar regions l^tween the 
polarizing electrodes; and some observers maintain that it is in reality 
absent from this region, and confined entirely to the extrapolar districts. 
It spreads, with a diminution in intensity, for some distance along the 
extraj>olar districts in both directions. 

When the polarizing current is broken there is a rebound in the 
opposite direction, the natural current previously diminished or increased 
being for a brief period increased or diminished. According to Hermann 
there is no such rebound at the kathode in the extrapolar region, the current 
developed on breaking having hei*e the same direction as previously. 

Though the appearance of the negative variation of the natural 
current is so marked a feature of a muscular contraction, no electro- 
tonic currents whatever can be discovered in a muscle when a 
constant current is applied to it. 

This presents a difficulty, from which however we may escape by 
supposing that both in a muscle and in a nerve electrotonic cuirents, though 
not demonstrable, are originated in the intrapolar region, but that in a 
muscle, unlike the case of a nerve, certain obstacles exist which prevent 
the i)ropagation of the eloctrotonic current from the intrapolar region, 
(where they cannot be shewn) to the extrapolar regions (where if present 
they might easily be detected). 

Law of Contraction. At the making of a constant current, then, 
there is set up a condition of katelectrotonus and of anelectrotonus ; 
on the breaking of the current these conditions with more or less 
rebound disappear. What have these changes to do with the gene- 
ration of nervous impulses ? 

It has already been stated that when a constant current is applied 
to a nerve, a contraction is caused in the muscle, i,e, a nervous 
impulse is started in the nerve, either at the make or at the break, 
or at both. On further examination it is found that the occurrence 
or non-occurrence of a contraction depends on the direction {i.e. whe- 
ther descending with the kathode nearest the muscle, Fig. 12 A, or 
ascending with the anode nearest the muscle. Fig. 12 B) and intensity 
of the current. The results have been formulated in the following 
‘ law of contraction.’ 

Descending. Ascending. 


Very Weak 

Make 

c 

Break 

Make 

Break 

Weak 

c 


c 

— 

Mod. 

c 

c 

c 

c 

Strong 

c 

— 

— 

c 


where 0^ indicates a contraction. This law becomes intelligible if 
we suppose that nervous impulses are originated only by the rise of 

^ Gcsaml. Abhandl. ii. 260. 
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katelectrotonus and by the fall of anelectrotonus, and not at all 
by the rise of anelectrotonus, or by the fall of katelectrotonus, 
or by the steady maintenance of either. Eemembering that in 
katelectrotonus irritability is increased and in anelectrotonus dimin- 
lished, we may formulate the law as follows : a nervous impulse is 
(generated at any point of a nerve when there is a sudden change 
'from a phase of lower to one of higher irritability, as from the 
normal condition to katelectrotonus or from anelectrotonus to the 
[normal condition. We must however further suppose that the rise 
of katelectrotonus more readily gives rise to an impulse, or gives rise 
to a larger impulse, than does the fall of anelectrotonus, and that the 
condition of anelectrotonus, especially when pronounced, is an obstacle 
to the passage towards the muscle of impulses originating on the side 
away from the muscle. Thus with weak currents, a contraction 
occurs only at the make, at the rise of katelectrotonus, of both the 
descending and ascending currents. But the contraction is easier 
to get with the descending than with the ascending current, because 
in the latter the impulse started at the kathode has to pass through 
an anelectrotonic region before it can arrive at the muscle. With 
a moderate current, as for instance with a single Daniell acting as the 
source of the current, there is a contraction both at the make and at 
the break of both ascending and descending currents ; the fall of 
anelectrotonus here is able, as well as the rise of katelectrotonus, 
to originate a nervous impulse. Lastly, when the current is very 
strong, as that for instance of two or more Groves, fnaking the 
ascending current produces no contraction, because the anelectrotonus 
round the anode blocks the impulse starting from the kathode. The 
fall of anelectrotonus however at the anode, there being nothing 
between it and the muscle, does cause a contraction. With the 
descending current the rise of katelectrotonus produces a making 
contraction, but there is no breaking contraction ; the absence of the 
latter may be accounted for, partly by the strong current depressing 
the irritability, and especially the conductivity of the intrapolar 
nerve, and partly perhaps by supposing that the disappearance of 
katelectrotonus at the kathode, occurring as it does in a part lying 
between the anode and the muscle, serves to block the downward 
progress of the impulse started by the fall of anelectrotonus at the 
anode. 

This blocking of nervous impulses by the defective conduction caused 
in anelectrotonus, is the reason why in testing the variations of irritability 
in anelectrotonus and katelectrotonus it is preferable to apply the stimulus 
between the muscle and the jiolarizing current. 

It has already been stated that in many cases the making or breaking 
of a constant cuiTent gives rise not to a single spasm only but to a pro- 
nounced tetanus, often spoken of as the making or breaking tetanus. Of 
these two the most common is the breaking tetanus, or Ritter’s tetanus, 
which appears when a strong current has been applied for some time to a 
nerve. It is developed most readily and lasts longest after the api>lication 
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of an aacending current, but may also make its appearance with a descend- 
ing current. When it manifests itself it may be at once diminished or 
suspended altogether by applying the same current in the same direction. 
It is increased by applying the current in an opposite direction. The 
making tetanus is seen with currents of a certain intensity only, being 
absent with those of less or greater strength. Both forms are due to pro- 
found electrolytic changes in the nerve, those of the making tetanus being 
of a katelectrotonic, and those of the breaking tetanus of an anelectrotouio 
character. 

We can now understand why a single inductive-sliock produces a 
single spasm; for a single induction-shock is the application of a 
current of exceedingly short duration, in which the break is separated 
from the make by so very small an interval, that one only contraction 
has time to be developed. This may be the result of a rise of katelec- 
trotonus alone, or of that and of the fall of anelectrotonus fused into 
one. Moreover, the induced current is developed very rapidly and 
disappears slowly. Hence it is more potent as a stimulus in its ap- 
pearance than in its disappearance; and in the case of weak currents 
the disappearance may be disregarded as far as stimulation is con- 
cerned, so that the effect of the induced current may be looked upon 
as equivalent to that resulting from the making of a constant current, 
t.e. a rise of katelectrotonus only. This is true of the induced current 
produced either by the making or by the breaking of a constant 
current, 

The constant current applied directly to a muscle from which the purely 
nervous element has been eliminated by urari poisoning, has effects similar 
to and yet somewhat different from those which it has upon a nerve. The 
absence of electro tonic currents has already been referred to. The respective 
efficacy of the rise of katelectrotonus and the fall of anelectrotonus in 
j^roducing contraction are the same as in a nerve. In one respect the 
muscle is more striking and offers a support of the hypothesis mentioned 
above. The making contraction may under favourable circumstances be 
seen to start from the kathode and the breaking contraction from the anode. 
Another marked difference between muscle and nerve is that in muscle 
the current must act for some appreciable time upon the tissue before it can 
call forth a contraction. This is what we might expect from the more 
sluggish nature of the muscular impulse-wave. Hence muscular tissue 
which has lost its nervous elements or does not possess them, is fer less 
readily affected by the rapid induction-shocks than are nerves. 

During the passage of a constant current the muscle is thrown into a 
partial tetanus, which however may be sufficiently weak to permit the 
simple make and break contractions to be readily observed ^ Very fre- 
quently this tetanus changes into a regular rhythmic pulsation if the intra- 
muscular nerves bo intact, 

^ Xtomanes, Journal of Anal, and Phys, z* p. 707. 
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Oircimstanced affecting the amount and character of the contraction. 

1. Nature of the stimuliis. A mechanica l stimulus in the shape 
of a single tap or blow, pinch or prick, may produce a single spasm, and 
slight taps repeated regularly and rapidly may be used to produce a 
tetanus. As a rule, however, the injury inflicted by a mechanical 
stimulus destroys the irritability of tne spot stimulated, and so 
prevents a repetition of the spasms. Violent and extensive injury 
may produce tetanus. A eh^mical stimulus produces an irregular 
tetanus, as does also the sudden application of heat. A g alvanic 
current acts, as we have seen, as a stimulus when there is a sudden 
rise or fall in the intensity of the current, making and breaking 
being extreme cases of rise and fall. If the rise and fall be suf- 
ficiently gradual, a current may, while still passing through a nerve, 
be increased or diminished very largely without any contraction 
taking place ; whereas a very slight, sudden rise or fall at once gives 
rise to one: the more sudden the change, the greater the effect. 
Thus in single induction-shocks, the breaking shock, which is de- 
veloped much more rapidly than the making shock, is by far the 
more potent of the two. Of the nature of the action of organic or 
vital stimuli we know very little. 

2. Application of a galvanic current. In order that a galvanic 
current of any kind may call forth a contraction, some 

length of nerve must be placed between the elect jodes. If the 
^rrent simply be^^nt transversely through a nervefUttle or no 
contraction takes place. With the same strength of current, the 
longer the piece of nerve, the greater the contraction. 

This is said to be true of the descending but not of the ascending con- 
stant current, and the results are more constant with the making than the 
breaking of the current^ 

In the case of a single application of a current, there must be a certain 
duration of the application, varying with the strength of the current; 
otherwise, no impulse or contraction will be generated. It is said that a 
current, of whatever strength, must last at least *0015 sec. in order to 
produce a contraction*. And in general the less the duration of the stimulus 
the slighter is the effect. Hence stimuli which ])roduce a contraction when 
applied for a given, though still short, time may fail to give rise to one 
when applied for a still shorter time, the stronger stimuli naturally needing 
the shorter duration of application in order to produce their effects. 

Hence also a stimulus of moderate strength, which when applied singly is 
able to call forth a contmetion, may, when repeated rapidly, by means of a 
rotation machine, instead of producing tetanus, give rise to no visible effect 
at all. In this case the absence of effect is probably due to the mechanism 
of repetition shortening the duration of each individual shock. But over 
and above this, the mere repetition has an effect of its own. Thus Helm- 

1 Willy, Pfltiger’s Jrchiv, v. (1872) 275. 

* Kouig, Wien. Sitzungs-BerichU 



Chap, ii.] 


TBE CONTRACTILE TISSUES. 


69 


holtas' has shewn that when an induction-shock giving a maximum conti*ac- 
tion is followed at an interval of less than sea by a second shock 
of equal strength, no second contraction appears at all. During 
subsequent to the first shock the muscle is absolutely devoid of irritability; 
it is in a “refractory phase” similar to but much shorter than that which is 
so conspicuous in cardiac muscles. Hence if a number of maximum induc- 
tion-shocks be sent into a muscle or nerve at intervals of a little less than 
y^th sec. half the shocks sent in would seem to be without effect. 
Bernstein* finds that when induction-shocks are repeated sufficiently rajudly, 
tetanus is absent; there is an initial contraction with the first shock and 
after that complete rest. The rapidity necessary to produce this result 
varies with the strength of the shocks employed. The interpretation of 
the results however is not at present clear; and Kronecker, making use 
of a vibrating rod as an interrupter, finds that tetanus still appears, though 
the 1 ‘apidity of the interruptions be carried far beyond Bernstein's limit. 

3. The strength of the enrrent. If the nerve of a muscle- 
nerve preparation be stimulated at intervals by currents of increasing 
intensity, beginning with those having no effect at all, it is founcl 
that the effect, as measured by the height of the contraction, rises 
very rapidly to a maximum, and then remains constant. 

4. The load. It might be imagined that a muscle, which, when 
loaded with a given weight, say 20 grammes, and stimulate(l by a 
current of a given intensity, had contracted to a certain extent, would 
only contract to half that extent when loaded with twice the weight 
(40 grammes) and stimulated with tlie same stimulus. Such, how- 
ever, is not the case; the height to which the weight is raised may be 
as great, or even greater, in the second instance, than in the first. 
That is to say, the resistance offered to the contraction actually 
increases the contraction, the tension of the muscular fibre increases 
the facility with which the explosive changes resulting in a con- 
traction take place. And it has been observed by Heidenhain® 
that tension applied to a muscle increases both the chemical products 
(carbonic and lactic acid) and the rise of temperature which ac- 
company a contraction. There is, of course, a limit to this favourable 
action of the resistance. As the load continues to be increased, the 
height of the contraction is diminished, and at last a point is reached 
at w’^hich the muscle is unable (even when the stimulus chosen is the 
strongest possible) to lift the load at all. 

It is said that a muscle, loaded beyond its power, relaxes and lengthens 
when stimulated instead of shortening, in consequence of that increase of 
extensibility which is a characteristic of the contracted state. The occur- 
rence of this lengthening is however doubtful. 

It is obvious that the work done (height to which the load is 
raised multiplied into the weight of the load) must therefore 

1 Berlin* MonaUhericht, 1854. ® Op. cit. 

* MechanUche Leistwng^ W&rmeentwichlunff und Stoffumeatz bet dev Muskelthdtig^ 
keit. Leipzig, 1864. 
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be largely dependent on the weight itself. Thus there is a 
certain weight of load with which in any given muscle, stimulated 
by a given stimulus, the most work will be done. 

Since mere tension affects the changes going on in the muscular hbren, 
it is desirable in experiments in which muscles are loaded, that the weight 
should not bear upon the lever until the contraction actually begins. This 
is easily managed by interposing between the end of the muscle and the 
weight a lever with a support so arranged that, before contraction takes 
place, the weight only extends the muscle to the length natural to it during 
rest; but that the muscle directly it shortens at once begins to pull on the 
weight. The muscle is then said to be after4oaded^ , 

If the weight be determined which will stop a contraction when 
applied directly the contraction begins, and also that which stops a 
contraction when applied at a moment when the contraction is 
already partly accomplished, it will be found that the second weight 
is much less than the first It will be found, in fact, that the force of 
a contraction is at its maximum at the beginning of the shortening, 
and thenceforwards declines until it becomes nothing when the 
shortening is complete. 

6. Size and Form of the Muscle. Since all known muscular 
fibres are much shorter than the wave-length of a contraction, it is 
obvious that the longer the fibre, the greater the height of the 
contraction with the same stimulus. Hence in a muscle of parallel 
fibres, the height to which the load is raised as the lesult of a given 
stimulus applied to its nerve, will depend on the length of the 
fibres, while the weight of the load so lifted will depend on the 
number of the fibres, since the load is distributed among them. Of 
two muscles therefore of equal length (and of the same quality) the 
most work will be done by that which has the greater sectional area ; 
and of two muscles with equal sectional areas, the most work will be 
done by that which is the longer. If the two muscles are unequal 
both in length and sectional area, the work done will be the greater in 
the one which has the larger bulk, which contains the greater number 
of cubic units. In speaking therefore of the maximum of work which 
can be done by a muscle, we may use as a standard a cubic unit of 
bulk, or, the specific gravity of the muscle being the same, a unit of 
weight. In the case of frog’s muscle, the maximum of work which 
can be done under most favourable circumstances has been estimated 
by Fick * to vary between 3 and 7 kilogrammeters for 1 grm. of 
muscle. 

The weight which is just sufficient, but only just sufficient, to 
keep a muscle, when stimulated, from actually shortening, may be 
taken as the measure of the 'absolute power* of the muscle. It 
must of course be taken only in relation to the sectional area of the 

^ This is perhaps the best equivalent of the German UherlctsUU 

* Untersuch. U» Mtuhelarbeitf Basel, 1607. 
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muscle. The absolute power of a square centimetre of frog's muscle 
has been in this way estimated at about 2800 to 3000 grms. : of a 
square centimetre of human muscle at 6000 to 8000 grms, 

6. Condition of the Nerve* When two pairs of electrodes are 
placed on the nerve of a long and a perfectly fresh and successful nerve- 
preparation, one near to the cut end, and the other nearer the muscle, 
it is found that the same stimulus produces a greater contraction 
when applied through the former pair of electrodes than through the 
latter. Two interpretations of this result are possible. Either the 
nerve at the part farther away from the muscle is more irritable, i.e. 
that the stimulus gives rise at the spot stimulated to a larger nervous 
impulse; or the impulse started at the farther electrodes gathers 
strength, like an avalanche, in its progress to the muscle. The latter 
view has been strongly urged by Pfluger, and is generally known 
under the name of the * avalanche theory.' As far as we know, how- 
ever, the progress of the negative variation along a nerve is marked 
by no such increase ; Du Bois-Eeymond found that the amount of 
the negative variation, if it changed at all, was slightly diminished at 
a distance from the spot stimulated. It is probable that the larger 
contraction produced by stimulation of the portions of the nerve 
near the spinal cord is due to the stimulus setting free a larger 
impulse, i,e. to this part of the nerve being more irritable. 

The effect is not due to the section merely, for it may be witnessed in 
nerves still in connection with the spinal cord. Heidenhain^ states however 
that under these circumstances the diminution of the effect is not gradual 
from the central to the peripheral portions, as when the nerve is cut; on 
the contrary, the amount of contraction is at first large, then becomes 
smaller, and finally increases somewhat again as the stimulation is carried 
from the roots of the nerves to the muscular periphery. 

It is probable that the irritability of the nerve may vary considerably 
at different points along its course. And Fleischl* states that the behaviour 
of a nerve to induction-shocks differs at different parts of its course according 
as the induced shock is applied as a descending or an ascending current. 

In addition to this, however, section of a nerve does of itself lead 
to a temporary increase in the neighbourhood of the section. But 
after a while this increased irritability gives place to a decreased 
irritability near the cut end, as compared with the more peri- 
pheral portions ; exhaustion, as it is said, sets in in this part, and 
spreads gradually downwards towards the muscle. When a nerve is 
simply divided in situ, in the living body, very similar phenomena 
are observed. At first there is an increase of irritability, observable 
especially at the cut end, and travelling centrifugally towards the 
periphery. Subsequently the irritability diminishes, and gradually dis- 
appears, the loss beginning at the cut end and advancing centrifugally 

^ Stud, Phfjsiol. Instit Breslau, n. (1861). 

* Wien, Sitz.-Bericht, hxxiit Compare xiegel. Pflilger’s Archiv, xiii. (1876) p. 698. 
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towards the peripheral terminations. This centrifugal feature of the 
loss of irritability is often spoken of as the Ritter- Valli law. The 
exhaustion thus produced is followed, in a similar centrifugal manner, 
by structural degeneration of the nerve. In a mammal it may be 
two or three days, in a frog, as many, or even more weeks before 
irritability has disappeared from the trunks. It is maintained in the 
small (and especially in the intramuscular) branches for still longer 
periods. 

Exhaustion of a nerve, in whatever way produced, whether by 
poison, or by withdrawal of blood, or by section, or by other means, 
is marked by gradual loss of irritability, i,e, the stimulus required to 
produce a contraction in the muscle must be gradually increased, 
until at last the strongest stimuli are ineffective. In some cases at 
least, exhaustion has been ascertained to be accompanied by a 
retardation of the impulse- wave. Beyond this we know little. The 
irritability of both muscles and nerves is ultimately dependent on 
the state of their nutrition, and this again is determined in the first 
place by the quality and quantity of the blood supplied to the tissue, 
and in the second place by the functional activity of the tissue, i,e. 
by the extent to which its specific energies are called into play. 

The effects of varying the blood-supply and functional activity 
can be much more easily studied, and consequently are nmch better 
known, in the case of muscles than of nerves, but there is no reason 
to doubt that the same general laws govern the life both tissues. 

7. Condition of the Muscle. E^^ustion. When a muscle of a 
warm- or of a cold-blooded animal is removed from the body, the 
irritability gradually diminishes. The same stimulus repeated at 
intervals gives rise to smaller and smaller contractions. At last 
the irritability disappears altogether, and no stimulus however strong 
produces any contraction at all. In the muscle of a warm-blooded 
animal the descent is very rapid, occupying a time which varies, 
according to circumstances, from a few minutes to two or three hours. 
In the muscle of a cold-blooded animal the irritability may continue 
for as long as two or three days. Otherwise the progress of events is 
the same in each. 

If a sharp blow with some thin body be struck across a muscle which 
has entered into the later stages of exhaustion, a wheal lasting for several 
seconds is develoi)ed. The wheal in many respects resembles a very slow 
or almost fixed contraction-wave, and has been called an ‘idio-muacular* 
contraction, because it may be brought out even when ordinary stimuli 
have ceased to produce any effect. It may however be accompanied at its 
beginning by an ordinary contraction. It is readily produced in the living 
body on the pectoral and other muscles of persons suffering from phthisis 
and other exhausting diseases. 

Mortis* The loss of irritability, even when rapid, is 

gradum, but is succeeded by an event of some suddenness, the en- 
trance into the condition known as rigor mortis, the occurrence of 
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which is marked by the following featurea The muscle, previously 
possessing a certain transparency, becomes much more opaque . Pre- 
viously very extensible and elastic, it becomes rigid and inextensible 
tgad at the same time Insfta plptiVity The muscle now requires 
considerable force to stretch it, ana when the force is removed, 
does not, as before, return to its natural length. To the touch it has 
lost much of its former softness, and becomes firm er and more resist- 
ed. The entrance into rigor mortis is characterised by a shorfezung 
q£]iamtia.stion, which may, under certain circumstances, be consider- 
able. The energy of this contraction is not great, so that when 
opposed, no actual shortening is observed. When rigor mortis has 
been fully developed, no musclft-currente whatever ^ are observed. 
Tested by litmus paper the muscle isloun^T to have become distinctly 
acid. The amount of acidity is very considerable, much greater than 
that of even a prolonged tetanus. It is, apparently, due to the pre- 
sence of the same acid as that produced in a contraction. If a muscle 
be suspended in a known atmosphere it is found that the compara- 
tively feeble production of carbonic acid, which goes on as long as the 
muscle is irritable, undergoes a very large increase when rigor mortis 
sets in. As rigor mortis comes on, the muscle undergoes a distinct 
rise of temperature which is coincident in time with the shortening. 
In many respects, therefore, rigor mortis has a strong resemblance to 
an ordinary contraction. In one point the two differ fundamentally. 
In a jjQjitE^ction the extensibility is increased, in rigor mortis it is 
di minish ed. But in other respects, in the shortening, the rise of 
temperature, the diminution (in the case of rigor mortis to dis- 
appearance) of natural muscle-currents, and the production of sarco- 
lactic and carbonic acids, the two seem identical. They both seem to 
be due to an explosive decomposition within the fibre. The peculiar 
features of rigor mortis appear to be in part at least due to the fact 
that the ijecom position is in that case accompanied by, or results ip, 
a coagulatiojl 9? some portion of the fibre. From tKe perfectly fresh, 
as yet irritable muscles of a frog, a coagulable muscle-plasma may by 
appropriate means be obtained, see antea, p. S3. If rigid muscles be 
treated in the same way no such coagulable plasma will be obtained. ^ 
It has already been seen that the rigid fibres consist largely 
of myosin. Thus while from the irritable or not yet rigid muscle 
there can be extracted a coagulable plasma, which on coagulating 
gives rise to myosin, from the rigid muscle there can only be extracted 
the already formed myosin, which therefore may be regarded as the 
result of a coagulation coincident with, and constituting an important 
part of the phenomena of, rigor mortis. 

It is stated by Hermann that in frog^s muscle separated from the body, 
the quantity of carbonic acid given out during rigor mortis is in inverse 
proportion to the quantity given out by the contractions which have taken 
place since the removal of the muscle from the blood-current. The more 
the muscle has contracted during this period the less the amount of carbonic 
acid given out in the fiTial rigor, and vice versa. From this it is inferred 
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that at the moment of separation from the body, the muscle contains a 
certain capital of carbonic^acid-producing material (to wit, the substance 
whose explosive decomposition we have supposed to give rise to this and 
other bodies) which may be expended either in rigor mortis or in contrac- 
tion, but which, from the absence of blood, cannot be replaced. Conse- 
quently the expenditure in the direction of contraction must come out of 
the share allotted to rigor mortis. To this point we shall return. 

The Influence of Blood-supply. When a muscle still within the 
body is deprived by any means of its proper blood-supply, as when 
the blood-vessels going to it are ligatured, the same gradual loss of 
irritability and final appearance of rigor mortis are observed as in 
muscles removed out of the body. Thiis if the abdominal aorta be 
ligatured, the muscles of the lower limbs lose their irritability and 
finally become rigid. So also in systemic death, when the blood- 
supply to the muscles is cut off by the cessation of the circulation, 
loss of irritability ensues, and rigor mortis eventually follows. In a 
human corpse the muscles of the body enter into rigor mortis in a 

( fixed order : first those of the j aw and ne ck, then those of the tni^k, 
next those of the anus, and lastly those of the The lapidity 

with which rigor mortis comes on after death varies considerably, 
being determined both by external circumstances and by the internal 
.conditions of the body. Thus external ^^j^armth hsisteps andjacld 
Iretards the onset. After great-JDftuscular exertion, as .n hunted 
animals, and when death closes wj^ing disc^es, rigor mortis in 
most cases comes on rapidly. As a general rule it may be said 
that the later it is in making its appearance, the more pronounced it 
is, and the longer it lasts ; but there are many exceptions, and when 
the state is recognised as being fundamentally due to a coagulation, 
it is easy to understand that the amount of rigidity, i.e. the amount 
of the coagulum and the rapidity of the onset, i.e. the quickness 
with which coagulation takes place, may vary independently. The 
rapidity of onset after muscular exercise and wasting disease is 
apparently dependent on an excess of acid produced under those 
circumstances in the muscle. When rigor mortis has once become 
thoroughly established in a muscle through deprivation of blood, it 
cannot be removed by any subsequent supply of blood. Thus where 
the abdominal aorta has remained ligatured until the lower limbs 
have become completely rigid, untying the ligature will not restore 
the muscles to an irritable condition; it simply hastens their de- 
composition. 

A muscle however may acquire as a whole a certain amount of rigidity 
on account of some of the fibres bocomiug rigid, while the remainder, 
though they have lost their irritability, have not yet advanced into rigor 
mortis. At such a juncture a renewal of the blood-stream may restore 
the irritability of those fibres which were not yet rigid, and thus appear to 
do away with rigor mortis; yet it appears that in such oases the fibres 
which have actually become rigid never regain their irritability, but undergo 
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deganeration. It is stated liowever by Preyer' that if the even completely 
rigid muscles of the fi‘Og be washed out with a 10 p. c. sodium chloride 
solution (which dissolves myosin) and subsequently injected with blood, 
irritability will be restored. 

Mere loss of irritability, even though complete, if stopping short 
of the actual coagulation of the muscle-substance, may bo with care 
removed. Thus if a stream of blood be sent artificially through 
the vessels of a separated (mammalian) muscle, the irritability 
may be maintained for a very considerable time. On stopping 
the artificial circulation, the irritability diminishes and in time 
entirely disappears; if however the stream be at once resumed, 
the irritability will be recovered, and maintained. By regulating 
the flow, the irritability may be lowered and (up to a certain limit) 
raised at pleasure. From the epoch however of interference with the 
normal blood-stream there is a gradual diminution in the responses to 
stimuli, and ultimately the muscle loses all its irritability and be- 
comes rigid, however well the artificial circulation be kept up. This 
failure may be due simply to the fact that an artificial circulation 
is at best an imperfect circulation, or it may be duo to other (as yet 
unknown) causes. 

The irritability of a muscle then is clearly in largo measure 
dependent on the quantity of blood supplied to it. In respect to 
the quality of blood, our knowledge is definite with regard to one 
factor only, viz. the oxygen. If blood deprived of its oxygen be sent 
through a muscle removed from the body, irritability, so far from 
being maintained, seems rather to have its disappearance hastened. 
In fact, if venous blood continue to be driven through the muscle 
the irritability is lost even more rapidly than in the entire absence 
of blood. It would seem that venous blood is more injurious than 
none at all. If exhaustion be not carried too far, the muscle may, 
however, be revived by a proper supply of oxygenated blood. 

In a muscle the in^itability of which has been suspended by a current 
of venous blood, the assumi)tion of a minute fraction of oxygen is sufficient 
to restore ii’ritability to such an extent that a very distinct amount of 
contraction is visible on the application of stimuli Much more than this 
must be taken up before the muscle can regain the standard at which it 
was previous to the action of the venous stream*. 

The influence of Temjperature. Moderate warmth, ex. gr. a tem- 
perature of 35® and a little beyond, favours muscular irritability. 
All the molecular processes are hastened and facilitated : the con- 
traction is for a given stimulus greater and more rapid, i.e. of shorter 
duration. Owing to the quickening of the chemical changes, the 
supply of new material may prove insufficient; hence muscles 
removed from the body lose their irritability more rapidly at a high 

^ CentrbL /. Med. Wisschft. 1864, p. 769. 

* Ludwig and Sohmidt, Lvdwitfe Arheiten^ 1868, p. 1. 
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than at a low temperature. A temperature of about 45® in the case 
of frogs’ muscles, of 50® in the case of mammalian muscles, brings 
about an almost instantaneous rigor mortis, often spoken of as rigor 
caloris. The entrance into the rigid state is, under these circum- 
stances, initiated by a forcible contraction or shortening. 

When a muscle is exposed to cold, ex. gr. to a temperature very 
little above zero, the contractions are remarkably prolonged ; they 
are diminished in extent at the same time, but not in proportion to 
the increase of their duration. Exposed to a temperature of zero or 
below, muscles soon lose their irritability, without however under- 
going rigor mortis. After an exposure of not more than a few 
seconds to a temperature not much below zero, they may be restored, 
by gradual warmth, to an irritable condition, even though they may 
appear to have been frozen. When kept frozen however for some 
few minutes, or when exposed for a less time to temperatures of 
several degrees below zero, their irritability is permanently de- 
stroyed. When thawed, they enter into rigor mortis of a most pro- 
nounced character. 

The influence of Functional Activity. When a muscle within 
the body is unused, it wastes; when used it (within certain limits) 
grows. Both tliese facts shew that the nutrition of a muscle is 
favourably affected by its functional activity. 

Part of this may be an indirect effect of the increased ^.lood-supply 
which occurs when a muscle contracts. When a nerve going to a muscle is 
stimulated, the blood-vessels of the muscle dilate, whether the muscle 
contract or no. Hence at the time of the contraction more blood flows 
through the muscle, and this increased flow continues for some little while 
after the contraction of the muscle has ceased. But besides this increased 
blood-supply, there are reasons for thinking that the mere contraction of the 
fibre is favourable to the nutritive changes which build up the muscle. 

A muscle, even within the body, after prolonged action is fatigued, 
i.e. a stronger stimulus is required to produce the same contraction; 
in other words, its irritability is reduced by functional activity. 

The fatigue of which, after prolonged or unusual exertion, we are 
conscious in our own bodies, aiises partly from an exhaustion of muscles, 
partly from an exhaustion of motor nerves, but chiefly from an exhaustion 
of the central nervous system concerned in the production of voluntary 
impulses. A man who says he is absolutely exhausted may under excite- 
ment perform a very large amount of work with his already wearied 
muscles. The will rarely if ever calls forth the greatest contractions of 
which the muscles are capable. 

Absolute (temporary) exhaustion of the muscles, so that the 
strongest stimuli produce no contraction, may be produced even 
within the body by artificial stimulation ; recovery takes place on 
rest. Out of the body absolute exhaustion takes place readily. Here 
also recovery may take place. Whether in any given case it does 
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occur or not, is determined by the amount of contraction causing the 
exhaustion, and by the previous condition of the muscle. In all cases 
recovery is hastened by renewal (natural or artificial) of the blood- 
stream. The more rapidly the contractions follow each other, the 
less the interval between any two contractions, the more rapid the 
exhaustion. A certain number of single induction-shocks repeated 
rapidly, say every second or oftener, bring about exhaustive loss of 
irritability more rapidly than the same number of shocks repeated 
less rapidly, for instance every 5 or 10 seconds. Hence tetanus is a 
ready means of producing exhaustion. 

There are reasons for thinking that for each muscle it may be possible to 
choose such an interval between successive stimuli as shall not only not 
hasten, but perhaps even retard, the gradual normal exhaustion following 
upon removal from the body. In other words, it is probable that after 
a contraction there is a rebound of irritability, a reaction favourable to the 
nutrition of the muscle. 

When a muscle is subjected to a prolonged tetanus the course of ex- 
haustion, as indicated by the varying lieights to which the load is succes- 
sively raised by the repeated contractions, is at first very slow, afterwards 
more rapid, and finally slow again. 

The amount of the load, provided this be not too great, has no marked 
effect on the course of exhaustion. If two muscles be loaded (after-loaded), 
one with a heavy, the otlier witli a light, weight, and stimulated at the same 
intervals with the same stimulus, the course of exhaustion will bo parallel 
in the two cases, though the more heavily laden muscle, responding at the 
outset with smaller contractions than the more lightly laden one, will be 
the first to enter that stage of exhaustion at which the contractions cease to 
be visible \ The above is jirobably only true for weights up to the standard 
wliich is most favourable for the muscle’s doing work : see ante^ p. 70. 
Weights heavier than this quickem exhaustion — and with a certain weight 
the mere extension so caused, even when unaccompanied by a contraction, 
is exhausting. 

Whether there be a third factor, ?. e, whether muscles for instance are 
governed by so-called trophic nerves which affect their nutrition directly 
in some other way than by influencing either their blood-supply or activity, 
must at present be left undecided. 

Muscles exhausted by prolonged action may have their irritability 
temporarily restored by passing through them for some time a constant 
current. 

In exhausted muscles the elasticity is much diminislied ; the tired 
muscle returns less readily to its natural length than does the fresh 
one. 

The exhaustion due to contraction may be the result : — (1) Either 
of the consumption of the store of really contractile material present 
in the muscle. Or (2) of the accumulation in the tissue of the 
products of the act of contraction. Or (3) of both of these causes. 

The restorative influence of rest may be explained by supposing 


^ Kronecker, Ludwig’s Arbeiten, 1871. 
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that during the repose, either the internal changes of the tissue 
manufacture new explosive material out of the comparatively raw 
material already present in the fibres, or the immediate products of 
the act of contraction undergo changes by which they are converted 
into comparatively inert bodies. A stream of fresh blood may exert 
its restorative influence not only by (juickening the above two events, 
but also by carrying off the immediate waste products while at the 
same time it brings new raw material. It is not known to what 
extent each of these parts is played. That the products of contrac- 
tion are exhausting in their effects, is shewn by the fact that ex- 
hausted muscles are recovered by the simple injection of inert saline 
solutions into their blood-vessels ; and that such bodies as lactic acid 
injected into a muscle cause rapid exhaustion. One important 
element brought by fresh blood is oxygen. This, as we have seen, 
is not necessary for the carrying out of the actual contraction, and 
yet is essential to the maintenance of irritability. It is probably of 
use as what may be called intra-molecular oxygen^ in preparing the 
explosive material whose decomposition gives rise to the carbonic 
acid, and other products of contraction. 

It is stated by Kronecker® that oxygen, not in the form of oxyhemo- 
globin, but administered roughly in the form of an injection of permanga- 
nate of potash, restores the irritability of exhausted muscle. 

After prolonged artificial excitation of a muscle within the body the 
exhaustion is accompanied or rather followed by histological cl Ages of the 
nature of degeneration. 

Theory of Muscle and Nerve. The above considerations shew that 
when a muscle is thrown into contraction by a stimulus applied to a nerve 
three distinct events take place. 

1. The generation and propagation of the nervous impulse along the 
nerve, 

2. The conversion of the nervous impulse into a muscle-impulse, and 
the propagation of the latter along the muscular fibre, 

3. The contraction started by and following u^wn the muscle-impulse. 

The two former are very similar to each other, differing only in minor 
details. They are characterized by the prominence of an electrical cuiTent, 
by the absence of any change in the total form of the structures, and by the 
insignificance of the chemical changes. 

The development of the electri^ current is at present very imperieotly 
understood. Du Bois-Reymond has put forward the hypothesis that both 
muscle and nerve are made up of electrical molecules, in each of which the 
two ends are negative relativdy to the equator. These are so disposed as 
to join in producing the total currents of the whole muscle, very much as a 
number of small magnets with their individual north and south poles may 
be built up into a large magnet with its one north and one south pole. 

^ Compare Bk. ii. ohap. ii. sec. 5. The Bespiratory changes in the Tissues. 

> Lud^'s Arbeiten, 1871* 
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During a nervpua or muscle-impulse it is supposed that the activity of these 
molecules is, in some way or other, lessened. In order to explain the 
phenomena of electrotonus Du Bois-Ee 3 rmond further supposes that each 
of these molecules consists of two parts, the two positive portions of the 
tv(o parts being in contact in the middle, so that the two ends of the 
molecule are still negative, as indicated in Fig. 15 A. When the nerve or 
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Fia. 16. Duobam to Illustrate Btr Bois Ebymond’s Theory or Electrical Mole- 
cules IN Nerve and Muscle. 

A represents the natural muscle or nerve current. LS^ the longitudinal (positive) 

section ; QS^ the transverse (negative) section. 

B, the nerve during electrotonus. The arrows indicate the direction of the currents. 

musclo is polarized one element of each molecule is reversed in the direction 
of the polarizing current, and the whole activity of the molecules con- 
sequently directed to produce a current in the same direction, Fig. 15 B. 
The objections to this hypothesis are, that complicated additions have to 
be made to explain why a perfectly fresh uninjured muscle exhibits little 
or no amount of current and yet may give a powerful negative variation, 
and that in a nerve the negative variation may exceed by two or three times 
the natural current. The alternative view of Hermann has already been 
I’eferred to, p. 53. It need hardly be added, that inasmuch as the galvano- 
meter-needle is permanently deflected so long as the electrodes of the gtil- 
vanometer are in contact with the two points of difierent potential, the 
difference of potential of those points must be maintained at the expense 
of some form of energy within the muscle or nerve, for instance by chemical 
changes. 

All the features of an impulse-wave either in muscle or nerve, more 
especially its rate of progression, shew that the electrical phenomena are in 
reality tokens of molecular changes in the tissue much more complex than 
those necessary for the propagation of a mere electrical current. An 
electrical current travels very much faster than a nervous impulse. It has 
more than once been insisted that electrical continuity is insufficient for 
the propagation of a nervous impulse : vital continuity is essential to its 
progress. The actual amount of energy developed by a most ]X)werfiil* 
nervous impulse is exceedingly slight, and hence chemical changes, 
insignificant in amount, may be the cause of all the phenomena, and yet 
remain too slight to he readily recognised. The muscular contraction 
itself is essenti^ly a ti'anslocation of molecules. Thus if a portion of a 
muscular fibre be represented in a state of rest by four rows of molecules 
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• ••• vith four abreast in each row, the sta^ of 

• ••••••••••• contraction might be shewn by two rows of 

####•••••••• eight abreast, Fig. 16. Whatever be the exact 

• ••• way in which this translocation is ofiected, 

it is fundamentally the result of a chetnicfd 
change, of what we have already seen to be an explosive decomposition of 
certain parts of the muscle-substance. The energy which is expended in 
the mechanical work done by the muscle has its source in the latent 
energy of the muscle-substance set free by that explosion. Concerning 
the nature of that explosion we only know at pi*esent that it results in 
the production of carbonic and lactic acids, and that heat is set free as 
well as the specific muscular energy. There is a general parallelism be- 
tween the amount of decomposition, the quantity of carbonic (and lactic) 
acids produced, and the amount of energy set free. The greater the deve- 
lopment of carbonic acid, the larger is the contraction and the higher the 
temperature. It has not been possible hitherto to draw up a complete 
equation between the latent energy of the material and the two forms of 
actual energy set free. By an approximate calculation Helmholtz has 
arrived at the conclusion that in the human body one-fifth of the energy 
of the material goes out as mechanical work, thus contrasting favourably 
with the steam-engine, in which it hai*dly ever amounts to more than one- 
tenth. Nor can we at present say that it has been experimentally verified 
in any given contraction that the mechanical work is done at the expense of 
the heat which would be otherwise given out. Thus if of two muscles A 
and B, A be not loaded and B loaded before a contraction and unloaded at 
the height of contraction, it is obvious that A does no work, for the muscle 
returns to its previous condition, while B does work, the more so the 
heavier the load and the more frequently it is raised. If now both A 
and B are excited by the same stimulus to equal contractions, the tempera- 
ture of A ought to rise more than B, because of the same energy set free in 
each, some goes out as work in B^ but in A none goes out as work, and 
all escapes as heat. Experiment shews, on the contrary, that B is the warmer 
of the two, the reason being that the tension caused by the load increases 
all the chemical changes in the muscle (as shewn by the increased produc- 
tion of carbonic acid), and thus increases the total energy set free. If A 
and B be equally loaded, and while A does no work, the load remaining on 
all the time, the load of B is removed at the height of contraction, it is then 
found that A becomes the warmer of the two. This experiment is not 
without objection ; for A is (immediately after the contraction) stretched by 
its loady and so its chemical changes still increased, whereas B is not; and 
Heidenhain has shewn that this is sufficient to account for A being the 
warmer. 

Of the exact nature of the chemical changes we know nothing. As 
has been already stated (p. 58), there is no evidence of nitrogenous pro- 
ducts being given off as waste; such nitrogenous crystalline bodies as are 
present in muscle, kreatin, &c., may be regarded as the wear and tear of the 
machine, and not as products of the material consumed in the work. 
Yet it is hardly consonant with what we know elsewhere, to suppose that 
the contraction of a muscular fibre has for its essence the decomposition 
of a non-nitrogenous substance; and we may suppose that the explosion 
does involve some nitrogenous products, which however are retained within 
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the tiBSue, and used up agai^ Hermann, inBistiug on the analogy between 
muscular contraction and rigor mortis, has suggested the existence of a 
hypothetical inogm which during a contraction splits up into carbonic acid, 
lactic acid, and a nitrogenous b^y. He further supposes the nitrogenous 
body to be myosin, which however, while still in the form of a gelatinous 
clot, is redissolved and reconverted into inogen. But the fact that myosin 
has probably antecedents like those of fibrin, and is not formed directly as 
a product of the decomposition of a more complex body, and especially the 
fact that while in rigor mortis extensibility is diminished, in a contraction 
it is increased, seem insuperable objections to this view. It may be worth 
while to point out that during even the most complete repose muscle is 
undergoing chemical changes, which, as far as we know, are the same in 
kind, and only differ in degree from those characteristic of a contraction. 
Thus carbonic acid is constantly being produced, and probably lactic acid, 
both being got rid of as they form, just as they are got rid of in larger 
quantities during the repose which follows contraction. Supposing the 
existence of a substance which splits up into these various products, and 
which we may speak of as the true contractile material, it is evident that 
this material being thus constantly used up, must bo as constantly repaired. 
Thus a stream of chemical substances may bo conceived of as flowing 
through muscle, the raw material brought by the blood ^ being gi’adually 
converted into true contractile stuff, the breaking-down again of which is 
gentle and gradual so long as the muscle is at rest ; when a contmetion 
takes place, the decomposition is excessive and violent. When rigor inortLs 
sets in, the whole remaining contractile material is decomposed. It has 
been already stated that according to Hermann the total quantity of car- 
bonic and probably of lactic acid produced after removal from the body is 
the same whether contraction takes place or no, the material for the con- 
traction being apparently taken away from that destined for rigor inoriia. 
This means that the manufacture of true contractile material is suddenly 
arrested immediately on the cessation of the blood-currout, no more being 
afterwards formed. Such a state of things is quite contrary to our general 
physiological experience, and there are other facts which render it doubtful. 
Lastly, it may be mentioned that no definite explanation can be given 
of the connection between the raicrosco})ic structure of a striated muscular 
fibre and its contraction. Striation is characteristic of muscles whoso con- 
traction is rapid, but the exact purpose of the strim remains as yet 
unknown. 

It was Haller* who laid the foundations of our knowledge of the 
Physiology of Muscle and Nerve by establishing the doctrine of muscular 
and nervous irritability. The most important results since that time have 
been those gained by the investigations of Weber® on the physical changes 
which attend a muscular contraction, of Du Bois-Beymond* on the elec- 
trical phenomena of muscle and nerve, of Helmholtz® on the velocity of 
nervous impulses, and on the relative duration of the several phases of a 

^ Together with certain nitrogenous elements still remaining in the muscle, 
according to the view explained above. 

^ De Part, Corp, Hum, eentientibvs et irritabilibuSi 1763. 

* Muakelbewegungy Wagner’s Handwdrtcrbuch, 

^ Untermch, il, thierinche Electric itdt, 1848 — 60. 

® Muller’s Arcliiv, 1860. RericJute Berlin. Acad. 1861, 1864. 
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oontraction, of Pfltlger* on electrotonns, of Kilhne" on the chemistry of 
muscle, and of Hermann* on the respiration of muscle. The researches of 
.other and more recent authors are quoted in the previoua text. 


Sec. 8. XTnsteiated Muscular Tissue. 

Our knowledge of the phenomena of these structures is very im- 
perfect, since (in vertebrates) they do not exist in isolated masses, 
like the striated muscles, but occur as constituents of complex organs, 
such as the intestine, ureter, uterus, &c. They undergo rigor mortis : 
and what little information we do possess concerning their chemical 
and physical features leads us to believe that the processes which 
take place in them are fundamentally identical with those occurring 
in striated muscle, the two differing in degree rather than in kind. 
When stimulated, they contract. If a stimulus, mechanical or elec- 
trical, be applied to the intestine or ureter of a mammal, a circular 
contraction is seen to take place at the spot stimulated. The con- 
traction, which is preceded by a very long latent period, lasts a very 
considerable time, in fact several seconds, after which relaxation slowly 
takes place. That is to say, over the circularly dispersed fibres of the 
intestine (or ureter) at the spot in question there has passed a con- 
traction-wave remarkable for its long latent period and for the slow- 
ness of its development. From the spot so directly stimulated, the 
contraction may pass as a wave (with a length of 1 cm. and a velocity 
of from 20 to 30 millimetres a second in the ureter*), a’ opg the circular 
coat both upwards and downwards. The longitudinal fibres at the 
spot stimulated are also thrown into contractions of altogether similar 
character, and a wave of contraction may also travel longitudin- 
ally along the longitudinal coa^t both upwards and downwards. It 
is evident however that the wave of contraction of which we are now 
speaking is in one respect different from the wave of contraction 
treated of in dealing with striated muscle. In the latter case the 
contraction- wave was one propagated along the individual fibre ; in 
the case of the intestine or ureter, the wave is one which is propa- 
gaifidirfla]a^hi:i.to^re, both in the direction of the fibres, as when 
the whole circumference of the intestine is engaged in the contraction, 
or when the wave travels longitudinally along the longitudinal coat, 
and also in a direction at right angles to the axes of the fibres, as 
when the contraction-wave travels lengthways along the circular coat 
of the intestine, and passes across a breadth of the longitudinal coat. 
Putting aside this difi’erence, however, it is obvious that a contraction- 
wave passing along even a single unstriated fibre also differs from 
that passing along a striated fibre, in the very g reat l ength both o f 
i ts late n^t period and of the dur ation of its contraction . 

^ Untenuch. U, d, Physiologie des Electrotomu, 1859. 

* Protoplasma, 1864. 

^ Stqffwechsel im Musicel, 1867 — 8. 

^ Engelmann. Pfiiiger’s Archiv^ xi. (1809) 243. 
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If the Btimulus be severe when mechanical, or if the interrupted current 
be used as a stimulus, the duration of contraction may be still further pro- 
longed; but thei*e is no evidence that a series of contractions are fused into 
a tetanus, as is the case in the striated muscles. 

• The unstriated muscles seem to be remarkably susceptible to the influ- 
ences of temperature. Thus according to Horvath ‘ the unstriated muscles 
of the trachea will not contract at a temperature below 12® C. and are most 
active at a temperature above 21® C. So also the movements of the intestine 
cease at a temperature below 19® 0, 

Waves of contraction thus passing along the circular and longitu- 
dinal coats of the intestine give rise to what is called peristaltic 
action. 

In striking contradistinction to what takes place in the striated 
muscles, automatic movements are exceedingly common in struc- 
tures built up of non-striated muscles ; these moreover exhibit a 
great tendency to rhythmic action. Thus the peristaltic action of 
the intestine and ureters, and the corresponding movements of the 
uterus, are at once rhythmic, and largely automatic. How far the 
automatism and the rhythm are due to nervous elements is uncertain. 

Engelmann* has shewn that the middle third of the ureter in the 
rabbit contains no discoverable nervous structures, yet this portion exhibits 
automatic rhythmic contractions. It is worthy of notice, that, in the 
absence of all nerves, the propagation of the contraction- wave must, in this 
part of the ureter, be carried on by the simj)le contact of the adjacent 
surface of the fibres (which, as is known, possess no sarcolemma). The 
fibres, by their complete contact, are •physiologically continuous with each 
other. 


Sec. 4. Cardiac Muscles. 

The most important features of this form of contractile tissue will 
be studied, when we come to deal with the heart. It will be seen 
that they are intermediate between ordinary skeletal and non-striated 
muscles. 


Sec. 5. Cilia. 

Ciliary movement consists in the rapid flexion (into a sickle or 
hook-form) of the cilium and its less rapid return to its previous 
straight form. The diminished velocity of the return leads to the 
force of the ciliary action being exerted in the same direction as the 
flexion. Th^^use of th e flexion is the c ontraction of the cilium . 
and t he, return j eem s to Tpe an elastic reaction ; all attempts to ex- 
plain the movements by events occurring at the base of the cilium 
have failed. Ciliary movement seems therefore to differ from ordi- 
nary muscular contraction chiefly in the size of the apparatus con- 
cerned. The movement is exceedingly rapid ; thus Engelraann* has 

1 Pfltiger's Archiv. xiii. (1876) 608. • Op. dU 

* XJeber die Flimmerhewegwig^ p. 22 (1868), 
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estimated that in the frog the flexions are repeated at least twelve 
times in a second. The movement in fact is too rapid to be visible ; 
it can only be seen at a time when exhaustion and coming death 
have begun to retard the action ; thus Engelmann found that he was 
first able to count them when their rapidity declined to eight in a 
second. The tail of a spermatozoon is practically a single cilium. 

The cilia on any given surface work not only all in the same direction, 
but in such harmony as to produce a definite flow in the fluid covering the 
surface. If several cilia, or the cilia of several cells of the same surface, 
worked at dififerent times they would produce nothing more than a series 
of small whirlpools. Cilia are in fact coordinated ; but since no nervous 
mechanism whatever is present, the coordination can only take place 
through the several cells being, like the unstriated fibres spoken of just 
now, physiologically continuous. 

In the vertebrate animal cilia are as far as we know wholly inde- 
pendent of the nervous system, and their movement is probably 
ceaseless. In such animals however as Infusoria, Hydrozoa, &c. a 
ciliary tract may often be seen to stop and go on again, to move fast 
or slow, according to the needs of the economy, and, as it almost 
seems, according to the will of the animal. Observations with gal- 
vanic currents, constant and interrupted, have not led to any satis- 
factory results, and, as far as we know at present, c iliary action is 
jinost affected bj* changevS of temperature and cheWcaLiftedia. Heat 
quickens, coI3 retards. "Very dilute alkalis are favourable, acids are 
injurious. An excess of carbonic acid or an absence If oxygen arrests 
the movements, either temporarily or permanently, according to the 
length of the exposure. Chloroform in slight doses suspends the 
action temporarily, in excess kills and disorganises the cells, 

* 

Sec. C. Migrating Cells. 

An amoeboid movement of a white corpuscle is essentially a form 
of contraction. In the contraction of a muscular fibre the movement 
of protoplasm is definite and fixed, being at right angles to the long 
axis of the fibres, and thus bringing about shortening and thickening. 
The movement of protoplasm in an amoeba is irregular, and may take 
place in any direction. 

All the circumstances which affect muscular contraction, heat, 
absence or presence of oxygen and carbonic acid, &c., also affect 
protoplasmic movements. The white corpuscles, like muscular fibres, 
suffer rigor mortis, in which state they become spherical. 

The complete analogy between muscular fibre and white corpuscle is 
rendered difficult by the fact that complete rest of the corpuscle aild 
univei’sal contraction of the corpuscle both result in the maintenance of the 
same spherical form. The movement of a white corpuscle is dependent on 
a flow, on a contraction, of some part. If the whole corpuscle suffers the 
change which occurring in any paii; would lead to a movement in that 
part, no outward visible change takes place, just as a set of carefully 
balanced muscles would remain as motionless during contraction as during 
rest. < 



CHAPTER III. 


THE FUNDAMENTAL PROPERTIES OF 
NERVOUS TISSUES. 

In’ its simplest, and probaLly earliest form, a nerve is nothing more 
than a thin strand of irritable protoplasm, forming the means of 
vital communication between a sensitive ectodermic cell exposed to 
extrinsic accidents, and a muscular, highly contractile cell (or a 
muscular process of the same cell) buried at some distance from the 
surface of the body, and thus less susceptible to external influences. 
(Fig. 17, A, B.) If in Hydra, we imagine the junction of the ectodermic 



Fio. 17. Diagbam to illustrate the Simplest Forms op a Nervous System. 

A. An ectoderm ceU e c, with its muscular process m p, as in Hydra. 

JJ, The ectoderm oeU cc is connected with the muscle cell me by means of the 
primary motor nerve mn, 

C, The differentiated sensitive cell is connected by means of the sensory nerve 
/? n with the centred cell c c, which is again connected by means of the motor 
nerve mn with the muscle cell m c. 
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muscular process with the body of its cell to be drawn out into a 
thin thread (as is said to be the case in some other Hydrozoa), we 
should have just such a primary nerve. Since there would be no 
need for such a means of communication to be contractile and 
capable of itself changing in form, but on the other hand an advan- 
tage in its remaining immobile, and in its dimensions being reduced 
as much as possible consistent with the maintenance of irritability, 
the primary nerve would in the process of development lose the pro- 
perty of contractility in proportion as it became more irritable, i,e. 
more apt in the propagation of the waves of disturbance arising in 
the ect^ermic cell\ 

We have already seen that automatism, i.c. the power of initiating 
disturbances or vital impulses, independent of any immediate dis- 
turbing event or stimulus from without, is one of the fundamental 
properties of protoplasm. In simpler but less exact language, such 
a mass of protoplasm as an amoeba, though susceptible in the highest 
degree to influences from without, ‘ has a will of its own it executes 
movements which cannot be explained by reference to any changes in 
surrounding circumstances at the time being, A hydra has also a 
will of its own ; and seeing that all the constituent cells (beyond the 
distinction into ectoderm and endoderm) are alike, we have no reason 
for thinking that the will resides in one cell more than in another, 
but are led to infer that the protoplasm of each of the cells (of the 
ectoderm at least) is automatic, the will of the i’^dividual being 
the co-ordinated wills of the component cells. In >^dth Hydra and 
Amoeba the processes concerned in automatic or spontaneous im- 
pulses, though in origin independent of, are subject to and largely 
modified by, influences proceeding from without. Indeed the great 
value of automatic processes in a living body depends on the 
automatism being affected by external influences, and on the simple 
effects of stimulation being profoundly modified by automatic action. 

The next step of development beyond Hydra, is evidently to 
differentiate the single (ectodermic) cell into two cells, of which 
one, by division of labour, confines itself chiefly to the simple 
development of impulses as the result of stimulation, leaving to the 
other the task of automatic action, and the more complex transforma- 
tion of the impulses generated in itself. The latter, which we may 
call the eminently automatic cell (though much of the work which it 
has to do is of the kind we shall presently speak of as reflex action), 
will naturally be withdrawn from the surface of the body, while the 
other, which we may call the eminently sensitive cell, will still retain 
its superficial position, so that it may most readily be affected by all 
changes in the world without, Fig. 17 0. And just as a primary 
motor nerve arises as a retained thread of communication between a 
sensitive cell and its muscular process, so a primary sensory nerve 
may be conceived of as arising as a thread of communication Itetween 

^ See the valuable observations of Bomanes on the movements of the Hydrozoa. 
mi. Trans. 1876—77. 
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an eminently sensitive cell, and its twin the eminently automatic or 
central cell. By this arrangement the sensitive cell, relieved of the 
heavy burden of spontaneous action, is enabled to devote itself with 
greater vigour to the reception of external influences ; while the au- 
tomatic cell, no longer hampered by the physical necessities of being 
which are imposed on the superficial cell, exposed as this is to every 
wind and wave, but secure in its internal retreat, is able with similar 
increased energy, to devote itself either to the production of spon- 
taneous impulses, or to profoundly modifying the impulses which it 
receives from the sensitive cell. Naturally the muscular process or 
muscular fibre would on the splitting of the original single cell 
remain in connection with the more eminently automatic. We thus 
arrive at that triple fundamental arrangement of a nervous system, 
in its simplest form, viz. a sensitive cell on the surface of the body 
connected by means of a sensory nerve with the internal automatic 
central nervous cell, which in turn is connected by means of a motor 
nerve with the muscular fibre-cell. 

We have already seen that the physiology of the motor nerve 
cannot without inconvenience be separated from that of the muscular 
fibre. In the same way the physiology of the sensory nerve cannot 
well be separated from those modifications of superficial sensitive 
cells which constitute the organs of sense. Wo may add that the 
special physiology of the central nervous cells can only profitably be 
studied in connection with the sensory organs. In the present 
chapter, therefore, we purpose to confine ourselves to the consider- 
ation of the simplest and most general properties of the central 
nervous cells. 

These are arranged in the vertebrate body in two great systems : 
the cerebrospinal axis, and the various ganglia scattered over the 
body; we shall deal with such properties only as are more or less 
common to the two systems. We may premise that as far as our 
knowledge at present goes, the processes which are concerned in the 
propagation of nervous impulses along a sensory nerve-trunk are 
identical with those which take place in a motor nerve-trunk. The 

S henomena of the natural nerve-current, of the negative variation 
uring the passage of an impulse and of elcctrotonus (and these 
facts mark out, as we have seen, the limits of our information on this 
matter), are exactly the same, whether the piece of nerve-trunk 
experimented on be a mixed nerve-trunk, or an almost purely motor, 
or an almost purely sensory nerve-trunk, or an anterior or posterior 
nerve-root, or the special sensory nerve of a particular sense, such as 
the optic nerve. In both sensory and motor nerves the changes 
accompanying a nervous impulse are transmitted equally well in 
both directions. 

We seem justified in concluding that the events which occur in 
a sensory nerve when it is an instrument of sensation, differ from 
those which take place in a motor nerve when that is an instrument 
of movement, only so far as the sensory impulses are generated by 
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particular prbcesses which bear the stamp of the sensorv cell in which 
they originated^ while the motor impulses are generated by particular 
processes which bear the stamp of the central nervous cells in which 
they in turn originated. Just as in a muscle-nerve preparation t^ie 

P henomena seen in a nerve-trunk differ according as the stimulus 
appens to be a constant current, or an interrupted current, or a 
chemical body, though they are essentially but slightly varied com- 
binations of the same fundamental processes, so in a mixed nerve- 
trunk the phenomena differ according as the nervous impulses are 
set going by the action of a central nerve-cell, or by some agent 
acting directly on the nerve, or by some affection of this or that 
particular form of sensory cell forming part of a sense-organ. Blue 
and red seem to us quite different things ; yet they differ in degree 
only — in the wave-length of their respective rays. The various 
forms of sensory impulses probably differ from each other and from 
the various forms of motor impulses in a somewhat similar way as 
does blue from red. 

In the scheme sketched out above, the same central nervous cell 
is supposed to be engaged at once, both in originating automatic 
actions and in modifying sensory impulses (i.c. impulses proceeding 
from the superficial sensitive cells), previous to these being passed on 
to the muscular fibre. It is evident that, where two or more central 
nervous cells occur together, a further differentiation would bo of 
advantage : a differentiation into cells which, though still susceptible 
of being influenced from without, should be more especial y restricted 
to automatic action, and into cells which should forego their auto- 
matism for the sake of being more eflEicient in modifying sensory 
impulses, with a view of transmuting them into motor impulses, and 
so of giving rise to appropriate movements. We thus gain the funda- 
mental and primary dift'erentiation of the work of a central nervous 
system into automatic and into reflex operations. These are very 
clearly manifested by the brain and spinal cord, and probably also, 
though this is less certain, by the sporadic ganglia. 

Automatic actions. In the vertebrate animal the highest form 
of automatism, individual volition, with which conscious intelligence 
is associated, is a function of certain parts of the brain. There are 
evidences of the existence in the brain of other forms of automatism. 
All these will be considered in detail hereafter. 

In the spinal cord separated from the brain by division of the 
medulla oblongata, it becomes diflScult to draw a line between purely 
automatic and reflex actions. Thus, when we come to deal with 
Respiration, we shall see that while there can be no doubt that the 
muscular respiratoiy apparatus is kept at work by impulses pro- 
ceeding, in a rhythmic manner, from a group of nerve-cells, or 
respiratory nervous centre, in the medulla oblongata, it is an open 
question whether those impulses whose generation is certainly 
modified by centripetal impulses passing to the centre along various 
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nerves, are absolutely automatic: i.e, whether they can continue to 
make their appearance when no influences whatever from without 
are brought to bear upon the centre. Similar doubts hover round 
other automatic functions of the spinal cord. We shall see hereafter 
reasons for speaking of the existence in the medulla oblongata of 
a vaso-motor centre, that is of a group of nerve-cells, whence im- 
pulses habitually proceed along the so-called vaso-motor nerves 
to the muscular coats of the small arteries, and keep these vessels 
in a state of semi-contraction or tone. Here too it is doubtful 
whether these motor or etferent impulses can be generated in the 
absence of all sensory or afferent impulses. The posterior lymphatic 
hearts of the frog are connected by the small tenth pair of spinal 
nerves with the grey matter of the termination of the spinal cord, 
in such a manner that destruction of that part of the spinal cord or 
section of the tenth nerves apparently puts an end to the rhythmic 
pulsations of the lymphatic hearts. Here it would seem as if 
rhythmic impulses were automatically generated in the lower end of 
the cord, and proceeded along the efferent nerves to the hearts, thus 
determining their rhythmic pulsations. But if it be true, as asserted, 
that the rhythmic pulsations, though arrested for a time by sever- 
ance of the nerves, or destruction of the lower end of the cord, are 
after a while resumed, then these, too, can be no longer counted 
among the automatic phenomena of the cord. And so in other 
instances which we shall meet with in the course of this book. The 
existence of automatism, then, even of this comparatively simple 
character, is at least doubtful. That all higher automatism com- 
parable at least to that of the cerebral hemispheres is absent, may 
be regarded as certain. 

In the sporadic ganglia the evidence of automatic action seems 
more clear, and yet is by no means absolutely decisive. The boat of 
the heart is a typical automatic action: and, since the heart will 
continue to beat for some time when isolated from the rest of the 
body (that of a cold-blooded animal continuing to beat for hours, or 
even days), its automatism must lie in its own structures. When, 
however, we come to discuss the beat of the heart in detail, we shall 
find that it is still an open question whether the automatism is 
confined to the ganglia (either of the sinus venosus, auricles, or 
auriculo-ventricular boundary), or shared in by the muscular tissue : 
whether, in fact, the automatism is a muscular automatism like that 
of a ciliated cell, or the automatism of a differentiated nerve-cell. 
And yet the heart is the case where the automatism of the ganglia 
seems clearest. 

The peristaltic contractions of the alimentary canal are automatic 
movements ; we cannot speak of them as being simply excited by 
the presence of food in the canal, any more than we can say that the 
beat of the heart is caused by the presence of blood in its cavities. 
When absent they may be set agoing, and when present may be 
stopped without any change in the contents of the canal. They may. 
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of course, be influenced by the contents, just as the beat of the heart 
is influenced by the quantity of blood in its cavities. Throughout 
the intestines are found the plexus of Auerbach and that of Meissner; 
to each or both of these the automatism of the peristaltic movements 
has been referred. Yet in the ureter, whose peristaltic waves of con- 
traction closely resemble that of the intestine, automatism is evident 
in the middle third of its length; in which region, according to 
EngelmannS ganglia are entirely absent. 

Thus, while in the spinal cord there is doubt whether purely 
automatic, as stringently distinguished from reflex, actions, take 
place, in the case of the sporadic ganglia the uncertainty is whether 
the clearly automatic movements of the organs with which the 
ganglia are associated are due to the nerve-cells of the ganglia, or to 
the muscular tissue itself. 

Beflex actions. The spinal cord offers the best and most nume- 
rous examples of reflex action. In fact, reflex action may be said 
to be, par excellence, the function of the spinal cord ; and the grey 
matter of the spinal cord may be broadly considered as a multitude 
of reflex centres. We have here to consider the cord merely in its 
general aspects ; and must postpone the special consideration of the 
particular forms of reflex action which it exhibits, as they come before 
us in various connections, or until we have to deal with it as part 
of the great central nervous machinery. 

In its simplest form a reflex action is as follows. All the ma- 
chinery it demands is (a) a sentient surface (external or internal), 
connected by (6) a sensory, or — ^to adopt the more general and 
better term — afferent nerve, with (c) a central nerve-cell or group 
of connected nerve-cells, which is in relation by means of (cZ) a motor, 
or efferent, nerve, or nerves, with (c) a muscle, or muscles, or some 
other irritable tissue-elements, capable of responding by some change 
in their condition, to the advent of efferent impulses. The afferent 
impulses started in a, passing along reach the centre c, are there 
transmuted into efferent impulses, which, passing along d, finally 
reach e, and there produce a cognisable effect. The essence of a 
reflex action consists in the transmutation, by means of the irritable 
protoplasm of a nerve-cell, of afferent into efferent impulses. As an 
approach to a knowledge of the nature of that transmutation, we 
may lay down the following propositions. 

The numher, intensity, character and distribution of the efferent 
impulses is determined chiefly by the events which take place in the 
protoplasm of the reflex centre. It is not that the afferent impulse is 
simply reflected in the nerve-cell, and so becomes with but little 
change an efferent impulse. On the contrary, an afferent impulse 
passing along a single sensory fibre may give rise to efferent impulses 
passing along many motor nerves, and call forth the most complex 
movements. An instance of this disproportion of the afferent and 

1 PflUger’g Archiv, ii. 243. 
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efiferent impulses is seen in the case where the contact with the 
glottis of a foreign body so insignificant as a hair causes a violent 
fit of coughing. Under such circumstances a slight contact with 
thp mucous membrane, such as could not possibly give rise to any- 
thing more than few and feeble impulses, may cause the discharge of 
so many ejfferent impulses along so many motor nerves, that not only 
all the respiratory muscles, but almost all the muscles of the body, 
are brought into action. A similar though less striking incommen- 
surateness between the afferent and efferent impulses is seen in 
every reflex action. In fact, the afferent impulse when it reaches 
the protoplasm of the nerve produces there a series of changes, of 
explosive disturbances, which, except that the nerve-cell does not in 
any way change its form, may be likened to the explosive changes in 
a muscle on the arrival of an impulse along its motor nerve \ The 
changes in a nerve-cell during reflex action, we might say during its 
activity, far more closely resemble the changes during a muscular 
contraction than those which accompany the passage along a nerve of 
either an afferent or efferent impulse. The simple passage along 
a nerve is accompanied by little expenditure of energy; it neither 
gains nor loses force to any great extent as it progresses. The trans- 
mutation in a nerve-cell is most probably (though the direct proofs 
are perhaps wanting) accompaniea by a large expenditure of energy, 
and a simple nervous impulse in suffering this transmutation in a 
central nervous organ may accumulate in intensity to a very remark- 
able extent, as in the case of strychnia poisoning. 

The nature of the efferent impulses isy however^ determined also hy 
the nature of the afferent impulses. The nerve-centre remaining in 
the same condition, the stronger or more numerous impulses will give 
rise to the more forcible or more comprehensive movements. Thus 
if the flank of a brainless frog be very lightly touched, the only 
reflex movement which is visible is a slight twitching of the muscles 
lying immediately underneath the spot of skin stimulated. If the 
stimulus be increased, the movements will spread to the hind-leg of 
the same side, which frequently will execute a movement calculated 
to push or wipe away the stimulus. By forcibly pinching the same 
spot of skin, or otherwise increasing the stimulus, the resulting move- 
ments may be led to embrace the fore-leg of the same side, then the 
opposite side, and finally, almost all the muscles of the body. In 
other words, the disturbance set going in the central nerve-cells, 
confined when the stimulus is slight to a few nerve-cells and to a 
few nerve-fibres, overflows, so to speak, when the stimulus is in- 
creased, on to a number of adjoining and (we must conclude) con- 
nected cells, and thus throws impulses into a large and larger 
number of e&rent nerves. 

Certain relations may he observed between the sentient spot stimu^ 
lated and the resulting movement. In the simplest cases of reflex 

^ The question as to how far these processes in the central cells are connected with 
the development of oonsoiousness is here purposely passed over. 
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action this relation is merely that the muscles thrown into action are 
those governed by a motor nerve which is the fellow of the sensory 
nerve, the stimulation of which calls forth the movement. In the 
more complex reflex actions of the brainless frog, and in other cases, 
the relation is of such a kind that the resulting movement bears an 
adaptation to the stimulus; the foot is withdrawn from the sti- 
mulus, or the movement is calculated to push or wipe away the 
stimulus. In other words, a certain purpose is evident in the reflex 
action. 

Thus in all cases, except perhaps the very simplest, the move- 
ments called forth by a reflex action are exceedingly complex, com- 
pared with those which result from the direct stimulation of a motor 
trunk. When the peripheral stump of a divided sciatic nerve is 
stimulated with the mternipted current, the muscles of the leg are at 
once thrown into tetanus, continue in the same rigid condition 
during the passage of the current, and relax immediately on the 
current being shut off. When the same current is applied for a 
second only, to the skin of the flank of a brainless frog, the leg is 
drawn up and the foot rapidly swept over the spot irritated, as if to 
wipe away the irritation ; but this movement is a complex one, re- 
quiring the contraction of particular muscles in a definite sequence, 
with a carefully adjusted proportion between the amounts of contrac- 
tion of the individual muscles. And this complex movement, this 
balanced and arranged series of contractions, may be repeated more 
than once as the result of a single stimulation of tl H skin. When 
a deep breath is caused by a dash of cold water, the same co- 
ordinated and carefully arranged series of contractions is also seen to 
result, as part of a reflex action, from a simple stimulus. And many 
more examples might be given. 

In such cases as these^ part of the complexity may be due to the 
fact that the stimulus is applied to terminal sensory organs and not 
directly to a nerve-trunk. As we shall see in speaking of the senses, 
the impulses which are generated by the application of a stimulus to 
a sensory organ are more complex than those which result from tho 
direct stimulation of a sensory nerve-trunk. Nevertheless, reflex 
actions of great if not of equal complexity may be induced by stimuli 
applied directly to a nerve-trunk. We are therefore obliged to con- 
clude that in a reflex action, the processes which are originated in the 
central nerve-cells by the arrival of simple impulses along afierent 
nerves may be highly complex ; and that it is the constitution and 
condition of the nerve-cells which determine the complexity and 
character of the movements which are effected. In other words, the 
central nerve-cells concerned in reflex actions are to be regarded as 
constituting a sort of molecular machinery, the character of the re- 
sulting movements being determined by the nature of the machinery 
set going and its condition at the time being, the character and 
amount of the afferent impulses determining exactly what parts of 
and how far the central machinery is thrown into action. 
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Actions of Sporadic Ganglia. Seeing that in the spinal cord, 
the nerve-cells undoubtedly are the central structures concerned in 
the production of reflex action, it is only natural to infer that the 
nerve-cells of the sporadic ganglia possess similar functions. Yet the 
e'ndence of this is at present of very limited extent. With regard to 
the ganglia on the posterior roots of the spinal nerves, all the evi- 
dence goes to shew that these possess no power whatever of reflex 
action. Of the larger ganglia visible to the naked eye, such as the 
ciliary, otic, &c., we have indications of reflex action in one only, 
viz. the submaxillary, and these indications are, as we shall see in 
treating of the salivary glands, disputed. We have no exact proof 
that the ganglia of the sympathetic chain, or of the larger sympa- 
thetic plexuses, are capable of executing reflex actions. 

In fact, in searching for reflex actions in ganglia, we are reduced 
to the small microscopic groups of cells buried in the midst of the 
tissues to which they belong, such as the ganglia of the heart, of the 
intestine, the bladder, &c. When a quiescent frog’s heart is stimu- 
lated by touching its surface, a beat takes place. This beat is, as we 
shall see, a complex, co-ordinated movement, very similar to a reflex 
action brought about by means of the spinal cord ; and in its produc- 
tion it is probable tLat the cardiac ganglia are in some way 
concerned. When a quiescent intestine is touched or otherwise 
stimulated, peristaltic action is set up. Here again the ganglia 
present in the intestinal walls may be supposed to play a part; 
but this movement is much more simple than the beat of the heart, 
and as regards it, and more especially as regards the similar 
peristaltic action of the ureter, it becomes difficult to distinguish 
between a movement governed by ganglia, and one produced by 
direct stimulation of the muscular fibres. We liave seen that 
the great distinction between a reflex action and a movement 
caused by direct stimulation of a nerve or of a muscle lies in the 
greater complexity of the former; and we may readily imagine, 
that by continued simplification of the central nervous machinery, 
the two miffht in the end become so much alike as to be almost 
indistinguishable. 

In the vertebrate animal then the chief seat of reflex action 
is the spinal cord and brain. We say ‘and brain’ because, as 
wo shall see later on, the brain, in addition to its automatism, 
is as busy a field of reflex action as the spinal cord. 

Inhibition. In speaking of reflex action, we took it for granted 
that the spinal cord was, at the moment of the arrival of the 
afferent impulses at the central nerve-cells, in a quiescent state; 
that the nerve-cells themselves were not engaged in any auto- 
matic action. We were justified in doing so, because as far as 
the muscles generally of the body are concerned, the spinal cord 
is in a brainless frog perfectly quiescent; an afferent impulse 
reaching an ordinaiy nerve-cell of the spinal cord does not find 
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it preoccupied in any other business. But what happens when 
afferent impulses reach a nerve-cell or a group of nerve-cells already 
engaged in automatic action ? 

We have already refen^ed to an automatic respiratory centre 
in the medulla oblongata. We may here premise, what wo shall 
shew more in detail hereafter, that the pneumogastric nerve is 
peculiarly associated as an afferent nerve with this respiratory 
centre. Now if the central end of the divided pneumogastric be 
stimulated at the time when the respiratory centre is engaged 
in its accustomed rhythmic action, sending out complex co-ordinated 
impulses of inspiration (and of expiration) at regular intervals, one 
of two things may happen, the choice of events being determined by 
circumstances which need not be considered here. 

The most striking event, and the one which interests us now, 
is that the respiratory rhythm ia slowed or stopped altogether. 
That is to say, that afferent impulses which, under ordinary con- 
ditions, would, on reaching a quiescent nervous centre, give rise 
to movement, may, under certain conditions, when brought to 
bear on an already active automatic nervous centre, check or stop 
movement by interfering with the production of efferent impulses 
in that centre. This stopping or checking an already present 
action is spoken of as an ‘inhibition;’ and the effect of the 
pneumogastric in this way on the respiratory centre is spoken of 
as ‘the inhibitory action of the pneumogastric on the respiratory 
centre.’ 

The other event is that the respiratory rhythm is accelerated. 
We shall hereafter discuss the explanation of the two events. We 
may however premise that according to one view the pneumo- 
gastric contains among its afferent fibres two sets, which are either 
of a different nature from each other, or are so differently connected 
with the respiratory centre, that impulses arriving along one stop, 
while those arriving along the other quicken, the action of that 
centre. Hence, the one set are called ‘inhibitory,’ the other ‘ac- 
celerating’ or ‘augmenting’ fibres. But w^e are concerned at present 
only with the fact that the stimulation of a nerve may produce 
inhibitory or augmentative effects. 

Similarly the vaso-motor centre in the medulla may, by impulses 
arriving along various afferent tracts, be inhibited, during which the 
muscular walls of various arteries are relaxed; or augmented, whereby 
the tonic contraction of various arteries is increased. 

The most striking instance of inhibition is offered by the heart. 
If when the heart is beating well and regularly, the pneumogastric 
be divided, and the peripheral portion be stimulated even for a very 
short time with an interrupted current, the heart is immediately 
brought to a standstill. Its beats are arrested, it lies perfectly 
flaccid and motionless, and it is not till after some little time that 
it recommences its beat. Here again it is usually said that the 
pneumogastric contains efferent cardio-inhibitory fibres, impulses 
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passing along which from the medulla stop the automatic actions 
of the cardiac ganglia;^ the respiratory inhibitory fibres of the same 
nerve are afferent, i, e, impulses pass along them up to the medulla. 

Though inhibition is most clearly seen in the case of automatic 
actions, other actions may be similarly inhibited. Thus, as we shall 
see later on, the reflex actions of the spinal cord may, by appropriate 
means, be inhibited. 

To sum up, then, the most fundamental properties of nervous 
tissues. 

Nerve-fibres are concerned in the propagation only, not in the 
origination or transformation, of nervous impulses. As far as is at 
present known, impulses are propagated in the same manner along 
both sensory and motor nerves. Sensory impulses differ from motor 
impulses inasmuch as the former are generated in sensory organs 
and pass up to the central nervous cells, while the latter pass 
from the central nervous cells to the muscles or to some other peri- 
pheral organs. 

The operations of the nerve-cells are either automatic or reflex. 
In both an automatic and a reflex action, the diversity and the 
co-ordination of the impulses is determined by the condition of the 
nerve-cells. During the passage of an impulse along a nerve-fibre, 
there is no augmentation of energy ; in passing through a nerve-cell, 
the augmentation may be, and generally is, most considerable. 

When afferent impulses reach a centre already in action, the 
activity of that centre may, according to circumstances, be either 
depressed or exalted, may be * inhibited* or 'augmented.’ 



CHAPTER IV. 


THE VASCULAR MECHANISM. 

In order that the blood may be a satisfactory medium of com- 
munication between all the tissues of the body, two things are 
necessary. In the first place, there must be through all parts of 
the body a flosiLof blood, of a certain r^idity and gene ral constan cy. 
In the second place, thi^ Jink, jnust be susceptible^ of both general 
and^JocsL anodificatio^ In order that any tissue or organ may 
readily adapt itseHTcT changes of circumstance (action, repose, &c.), 
it is of advantage that the quantity of blood passing to it should bo 
not absolutely constant, but capable of variation. In order that the 
material equilibrium of the body may be maintained as exactly as 
possible, it is desirable that the loading of the blood with substances 
proceeding from the unwonted activity of any one tissue, should bo 
accompanied by a greater flow of blood through some excretory or 
metabolic tissue by which these substances may be rer oved. Simi- 
larly it is of advantage to the body that the general flow of blood 
should in some circumstances be more energetic, and in others less 
so, than normal. 

The first of these conditions is dependent on the mechanical and 
physical properties of the vascular mechanism; and the problems 
connected with it are almost exclusively mechanical or physical 
problems. The second of these conditions depends on the inter- 
vention of the nervous system; and the problems connected with it 
aie essentially physiological problems. 

I. The Physical Phenomena of the Circulation. 

The apparatus concerned in the Maintenance of the Normal 

How is as follows: 

1. The heart, beating rhythmically by virtue of its contractility 
and intrinsic mechanisms, and at each beat discharging a certain 
quantity of blood into the aorta, [For simplicity’s sake we omit for 
the present the pulmonary circulation.] 

2. The arteries, highly elastic throughout, with a circular mus- 
cular element increasing in relative importance as the arteries 
diminish in size. It must not be forgotten that the muscular 
element is also elastic. 
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When an artery divides, the united sectional area of the branches 
is, as a rule, larger than the sectional area of the stem. Thus 
the collective capacity of the arteries is continually (and rapidly) 
increasing from tne heart towards the capillaries. If all the arterial 
branches were fused together, they woula form a funnel, with its apex 
at the aorta. The uni ted secti onal area-of the capillaries has been i. 
calculated by Vierordt to amount to several (eigh t?) hundred. tiffifis|| 
thatjof tha^ta. 

3. The capillaries, channels of exceedingly small but variable 
size. Their walls are e lasti c (as shewn by their behaviour during 
the passage of blood-corpuscles through them), exceedingly thin 
and permeabl e. They are permeable both in the sense of allowing 
fluids to pass through them by osmosis, and also in the sense of 
allowing white and red corpuscles to traverse them. The small 
arteries and veins, which gradually pass into and from the capillaries 
properly so called, are similarly permeable, in a degree inversely 
proportional to their size. 

4. The veins, less elastic than the arteries, and with a very 
variable muscular element. The united sectional area of the veins 
diminishes from the capillaries to the heart, thus resembling the 
arteries; but the united sectional area of the venae cavae at their 
embouchment into the right auricle is greater than that of the aorta 
at its origin. (The proportion is nearly two to one.) The total 
capacity of the veins is similarly much greater than that of the 
arteries. The veins alone can hold the total mass of blood which in 
life is distributed over both arteries and veins. Indeed nearly the 
whole blood is capable of being received by what is merely a part of 
the venous system, viz. the vena portie and its branches. Such veins 
as are for various reasons liable to a reflux of blood from the heart 
towards the capillaries, are provided with valves. 


Sec. I. Main General Facts of the Circulation. 

I. Tlie Capillary Circulation. 

If the web of a frog’s foot be examined with a microscope, 
the blood, as judged of by the movements of the corpuscles, is seen 
to be passing in a continuous stream from the small arteries through 
the capillaries to the veins. The velocity is greater in the arteries i 
than in the veins, and greater in both than in the capillaries. In ' 
the arteries faint pulsations, synchronous with the heart’s beat, are 
occasionally visible ; and not unfrequently variationa in velocity and 
in the distribution of the blood, due to causes which will be hereafter 
discussed, are witnessed from time to time. 

The flow through the smaller capillaries is very variable. Some- 
times the corpuscles are seen passing through the channel (which 

F. P. 7 



98 


THE CAPILLAST CIBCULATION. 


[Book i. 


when collapsed may hare a diameter smaller than the short axis of a red 
corpuscle) in single file with great regularity at a velocity of about 

mm. in a nftoond (In the human retina the velocity is *75 mm. 
per sec. according to Vierordt.) At other times, the corpuscles which 
along a given capillary may be few and far between. Some- 
times the corpuscle may remain stationary at the entrance into a 
capillary, the channel itself being for some little distance entirely 
free from corpuscles. Any one of these conditions readily passes 
into another, and, especi^ly with a somewhat feeble circulation, 
instances of all of them may be seen in the same field of &e micro- 
scope. It is only in the case of a ve^ full circulation that all the 
capillaries can be seen equally filled with corpuscles. The long oval 
red corpuscle moves with its long axis parallel to the stream, fre- 
quently rotating on its long axis and sometimes on its short axis. 
The flexibility and elasticity of a corpuscle is well seen when it is 
being driven into a capillary narrower than itself, or when it becomes 
temporarily lodged at the angle between two diverging channels. 
The small mammalian corpuscles rotate largely as they are driven 
along. 

In the larger capillaries, and especially in the small arteries and 
veins which permit the passage of several corpuscles abreast, it is 
observed that the red corpuscles run in the middle of the channel, 
forming a coloured core, between wTBIcE^ an3~^e sides of tl)e 
vessel all round is a layer, containing no red corpuscles. In this 
layer, the so-called ' inert layer,' are frequently seen w ite corpuscles, 
sometimes clinging to the sides of the vessel, sometimes rolling slowly 
along, and in general moving irregularly, and often in jerks. This 
division _into an inert layer and an axial stream is due to the fact 
t^atm any stream passing through a closed channel the friction is 
greatest at the immediate sides, and diminishes towards the axis. 
The corpuscles pass where the friction is least, in the axis. A quite 
similar axial eore is seen when any fine particles are driven in a stream 
of fluid through a narrow tube. The phenomena cease with the flow 
\ of the fluid. Many of the white coipuscles are frequently sejeiiJn 
the ine rt layer. This is said to be due to their being specifically 
lighter than the red corpuscles. When fine particles of two kinds, 
one lighter than the other, are driven through a narrow tube, the 
heavier particles flow in the axis and the lighter in the more 
peripheral portions of the stream. The white corpuscles however 
are distinctly more adhesive than the red, as is seen by the manner 
in which they become fixed to the glass slide and cover-slip when a 
drop of blood is mounted for microscopical examination ; and by 
reason of this adhesiveness they may become temporarily attached 
to the walls of the vessel, and consequently appear in the inert layer. 
The resistance to the flow of blood thus caused by the friction 
generated in so many minute passages, is one of the most important 
physical facts in the capillary circulation. In the large arteries the 
friction is small; it increases as they divide, and receives a very 
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great addition in the minute arteries and capillaries. It need per- 
haps hardly be said that this peripheral friction not only opjposes the 
flow of blood through the capillaries themselves, but, working back- 
wasds along the whole arterial system, has to be met by the heart at 
each systole of the ventricle. 


2. The Flow in the Arteries. 

When an artery is severed, the flow from the proximal section 
is not equable, but comes in jets, which correspond to the heart- 
beats, though the fljQW does not jcease betwee n the jet s. The blood 
is ejected with considerable force; thus,”Tn Dr Stephen Hales'^ 
experiments, when the crural artery of a mare was severed, the jet, 
even after much loss of blood, rose to the height of two feet. The 
l a r ger th e ar tery and the nearer to the hear^ the greater the forge 
with which the blood issues, and the more marked the intermiibtence 
of the flow. The flow from the distal section may be very slight, or 
may take place with considerable force and marked intermittence, 
according to the amount of collateral communication. 

Arterial pressure. If, while the blood is flowing normally along 
a large artery, e.g. the carotid, a mercury (or water) manometer, 
Fig, 18, be connected with a hole in the side of the artery, so that 
there is free communication between the interior of the artery and 
the proximal (descending) limb of the manometer, the following facts 
are observed. 

Immediately that communication is established between the 
interior of the artery and the manometer, blood rushes from the 
former into the latter, driving some of the mercury from the de- 
scending limb into the ascending limb, and thus causingtthe level of 
the mercury in the ascending limb to rise rapidly. This rise is 
marked by jerks corresponding with the heart-beats. Having reached 
a certain level, the mercury ceases to rise any more. It does not, 
however, remain absolutely at rest, but undergoes oscillations; it 
keeps rising and falling. Each rise, which is very slight compared 
with the total height to which the mercury has risen, has the same 
rhythm as the systole of the ventricle. Similarly, each fall corre- 
sponds with the diastole. 

If a float, swimming on the top of the mercury in the ascending 
limb of the manometer, and bearing a brush or other marker, be 
brought to bear on a travelling surface, some such tracing as that 
represented in Fig. 19 will be described. Each of the 
(p, p) corresponds to a heart-bea t^ the rise corresponding to the systole 
and the fall to the diastole of the ventricle. The l^rg^ r m ^ idnJatinn s (r, r) 
in the tracing, which are respiratory jn origin, will be discussed 
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Fia. 18. Appabatus fob nmesTioATiKa BiiOod-Pbbssubb. 

At the npper right-hand comer, is seen, on an enlarjB^ scale, the carotid artery, 
clamped by the forceps b d, with the Tagns nerve v lying by its side. The artery 
has been ligatured at V and the glass cannula o has been introduced into the artery 
between the ligature V and the forceps h d, and secured in position by the ligature 1. 
The shrunken artery on the distal side of the cannula is seen at ca*. 

p 5 is a box containing a bottle holding a saturated solution of sodium carbonate, 
and capable of being raised or lowered at pleasure. The solution of sodium carbonate 
flows by the tube p t regulated by the clamp e" into the tube t. The tube t is 
connected with the leaden tube f, and the stopcock e with the manometer, of which 
m is the descending and m* the ascending limb, and s the support. The mercuiw 
in the ascending limb bears on its surface the float /I, a long rod attached to which 
is fitted with the pen p writing on the recording surface r. The clamp cl at the end 
of the tu]^ t has an arrangement shewn on a larger scale at the right hand upper 
comer. 

The descending tube m of the manometer, and the tube t being completely filled 
along its whole length with fluid to the exclusion of all air, the cannula c is filled with 
fluid, slipped into the open end of the thick- walled india-rubber tube t, until it meets 
the tube t (whose position within the india-rubber tube is shewn by the dotted lines), 
and is then securely fixed in this position by the clamp cl. 

The stopcocks c and c" are now opened, and the pressure-bottle raised until the 
mercury in the manometer is raised to the required height. The clamp c" is then 
closed and the forceps b d removed from the artery. The pressure of the^ blood in the 
carotid ca is in consequence brought to bear through t upon the mercury in the mano- 
meter. 



Fio. 19. Tracino of Abtebiaii Pbessube with a Meboubt Manometer. 

The smaller curves pp are the pulse-curves. The space from r to r embraces a 

respiratory undulation. 

hereafter. This observation teaches us that the blood, as it is passing 
along the carotid artery, is capable of supporting a column of mercury 
of a certain height (measured by the difference of level between the 
mercury in the descending limb, and that in the ascending limb, of 
the manometer), when the mercury is placed in direct communication 
with the side of the stream of blood. In other words, the blood, as it 
passes through the artery, exerts a lateral pressure on the sides of 
the artery, equal to so many millimeters of mercury. In this lateral 
pressure we have further to distinguish between the slighter oscilla- 
tions corresponding vrith the heart-beats, and a mean preaewre above 
and below which the oscillations range. A similar mean pressure 
with similar oscillations is found, when any artery of the body is 
examined in the same wav. In all arteries the blood exerts a certain 
pressure on the walls of tne vessels which contain it. This pressure is 
generally spoken of as arterial pressure, or blood-pressure (the word 
arterial being understood). 
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DdSCription of Experiment. The carotid, or other vessel, is laid 
bare, clamped in two places and divided between the clamps. Into the cut 
ends is inserted a hollow T piece of the same bore as the artery, the cross 
jKjrtion forming the continuation of the artery. The vertical portion is 
connected by means of a non-elastio flexible tube with the descending limb 
of the manometer. In order to avoid loss of blood, fluid is injected into 
the flexible tube until the mercury in the manometer stands a very little 
below what may be beforehand guessed at as the probable mean pressure. 
The fluid chosen is a saturated solution of sodium carbonate, with a view 
to hinder the coagulation of the blood in the tube. When the clamps are 
removed from the artery the blood rushes through the cross of the J— piece. 
Some passes into the side limb of the H piece and continues to do so until 
the mean pressure is quite reached. Thenceforward there is no more escape; 
but the pressure continues in the interior of the cross of the h- piece, is 
transmitted along the connecting tube to the manometer, and the mercury 
continues to stand at a height indicative of the mean pressure with oscilla- 
tions corresponding to the heart’s beats. Practically the use of tlie K- 
piece is found inconvenient. Accordingly the general custom is to ligature 
the arteiy, to place a clamp on the vessel on the proximal side of the 
ligature, and to introduce a straight cannula, Fig. 18, connected with the 
manometer, between the ligature and the clamp. In this case, on loosing 
the clamp, the whole column of blood in the artery is brought to bear on 
the manometer, and the tracings taken illustrate the lateral pressure not of 
the artery but of the vessel (aorta &c. as the case may be) of which it 
is itself a branch. 

Tracings of the movements of the column of mercr^y in the mano- 
meter may be taken either on a smoked surface of a ijivolving cyluxder 
(Figs. 1 and 39), or by means of a brush and ink on a continuous roll of 
paper, as in the more complex kymograph (Fig. 20). 

The average pressure of the blood in the same body is greatest 
in the largest arteries, and diminishes as the arteries get less ; but 
the fall is a very gradual one until the smallest arteries are reached, 
in which it becomes very rapid. In the carotid of the horse, the 
mean arterial pressure varies from 150 to 200 mm. of mercury; of 
the dog from 100 to 175 ; of the rabbit from 50 to 90. jn t he 
carotid^maR. it probably amounts to 150 or 200 . 

Since in all arteries the Oood is pressing on the arterial walls 
with some considerable force, all the arteries must be in a state of 
permanent distension, so long as blood is flowing through them from 
the heart. When the blood-current is cut off, as by a ligature, this 
expansion or distension disappears. 

Not only is there a peia nanent expsmsion corresponding to the 
mean pressure, but just as thelnoercury in the manometer rises above 
the level of mean pressure at each systole of the heart, and falls 
l)elow it at each diastole, so at any spot in the artery there is for each 
heart-beat a temporaiyex pansip n succeeded by a temporary con- 
traction, the (fiametef olThe artery in its temporary expansions and 
contractions oscillating, in correspondence with the oscillations of the 
manometer, beyond and within tne diameter of permanent expansion. 
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Fia. 20. Laboe Kymograph with continuous bouu op paper. 

The clock-work machinery, some of the details of which are seen, unrolls the 
paper hrom the roll C, carries it smoothly over the cylinder B, and then winds it up 
into the roll A. 

Two electromagnetic signals are seen in the position in which they record their 
movements on the paper as it travels over B The manometer, or any other recording 
instrument used, can be hzed either in the notch immediately in front of B or in any 
other position that may be desired. 

These temporary expansions constitute what is called the pulse, and 
will be discussed more fully hereafter. 

The velocity of the flow. When even a small artery is severed, 
a considerable quantity of blood escapes from the proximal cut end 
in a very short space of time. That is to say, the blood moves in 
the arteries from the heart to the capillaries, with a very considerable 
velocity. By various methods, this velocity of the blood-current has 
been measured at different parts of the arterial system ; the results, 
owing to imperfections in the methods employed, cannot be regarded 
as satisfactorily exact, but may be accepted as approximatively true. 
The velocity of the arterial stream is greatesj_in the largest arteries, 
and diminishes from the heart to the capillaries, pari paasu with the 
increase, so to speak, of the width of the bed, i.e. with the increase 
of the united sectional area. 

Met^ds. Tha_HflBmadropnmftW nf An artery, e.g. A 

carotid, is clamped in two pla^s, and divided between the clamps. Two 
cannulm, of a bore as nearly equal as possible to that of the artery, or of a 
known bore, are inserted in the two ends. The two cannulie are con- 
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neoied by means of two stop-cooks, which work together, with the two 
ends of a long glass tube, bent in the shape of a U, and filled with water, 
or with a coloured innocuous fluid. The clamps on the artery being re- 
leased, a turn of the stop-cocks jwrmits the blood to enter the proximal 
end of the long U tube, along which it courses, driving the fluid out into 
the artery through the distal end. Attached to the tube is a graduated 
scale, by means of which the velocity with which the blood flows (dong the 
tvbe may be read off. Even supposing the cannulse to be of the same bore 
as the artery, it is evident that the conditions of the flow through the tube 
are such as will only admit of the result thus gained being considered as an 
approximative estimation of the real velocity in the artery itself. 

The Rhgomete j^(Stromuhr) of Ludwig . This consists of two glass bulbs 
A and ^ig. 21, communicating above with each other and with the com- 
mon tube C by which they can be filled. Their lower ends are fixed in 
the metal disc 2), which can be made to rotate, through two right 
angles, round the lower disc E. In the upper disc are two holes a and h 
continuous with A and B respectively, and in the lower disc are two 
similar holes a and h\ similarly continuous with the tubes H and G. 
Hence, in the position of the discs shewn in the figure, the tube G is 
continuous through the two discs with the bulb A and the tube II with 
the bulb B. On turning the disc D through two right angles the tube G 
becomes continuous with B instead of J, and the tube H with A instead 
of B. There is a further arrangement, omitted from the figure for the 
sake of simplicity, by which when the disc D is turned through one 
instead of two right angles from either of the above positions, G be- 
comes dii'ectly continuous with //, both being complet V 
tlie bulbs. 



Fig. 21 . Diagrammatic Eepresentation op Ludwig’s Stromuhr. 

The ends of the tubes H and G are made to fit exactly into two cannulm 
inserted into the two cut ends of the artery about to be ex{>eiimented upon, 
and having a bore as nearly equal as possible to that of the artery. 

The method of experimenting is as follows. The disc 2), being placed 
in the intermediate position, so that a and h are both cut off, from 
a and b\ the bulb A is filled with pure olive oil up to the mark a;, and 
the bulb the rest of d, and the junction (7, with defibrinated blood; and 
G is then clamped. The tubes H and G are also filled with defibrinated 
blood, and G is inserted into the cannula of the central, H into that of the 



105 


^ Chap, iv.] THE VASCULAR MECHANISM. 

{jeripheral, end of the artery. On removing the clamps from the artery the 
blood flows thrcmgh & to if, and so back into the artery. The observation 
now begins by turning the disc D into the position shewn in the figure; 
th^ blood then flows into A^ driving the oil there contained out before it into 
the bulb B, in the direction of the arrow, the deflbrinated blood previously 
present in B passing by U into the artery, and so into the system. At the 
moment that the blood is seen to rise to the mark a?, the disc D is with all 
possible rapidity turned through two right angles; and thus the bulb B, 
now largely filled with oil, placed in communication with G, The blood- 
stream now drives the oil bc^k into Ji, and the new blood in A through Jf 
into the artery. As soon as the oil has wholly returned to Ay the disc is 
again turned round, and A once more placed in communication with Gy and 
the oil once more driven from Ata B. And this is repeated several times, 
indeed genemlly until the clotting of the blood or the admixture of the oil 
with the blood puts an end to the experiment. Thus the flow of blood 
is used to till alternately with blood or oil the space of the bulb Ay whose 
cavity as far as the mark x has been exactly measured ; hence if the number 
of times a second the disc D has to be turned round be known, the number 
of times A has been 611ed in any given time is also known, and thus the 
quantity of blood which has passed in that time through the cannula con- 
nected with the tube G is directly measured. For instance, supposing that 
the quantity held by the bulb A when filled up to the mark a? is 5 cc., and 
supposing that from the moment of allowing the first 5 cc. of blood to begin 
to enter the tube to the moment when the escape of the last 5 cc. from the 
artery into the tube was complete, 100 seconds had elapsed, during which time 
5 cc. had been received 10 times into the tube from the artery (all but the 
last 5 cc. being returned into the distal portion of the artery), obviously 
•5 cc. of blood had flowed from the proximal section of the arteiy in one 
second. Hence supposing that the diameter of the cannula (and of the 
artery, they being the same) were 2 mm., with a sectional area therefore of 
3*14 square mm., an outflow through the section of *5 cc. or 500 c.mm. in a 
second would give (^ 74 ), a velocity of about 159 mm. in a second. 

Th a Hsematachometer of Yierordt is constructed on the principle of 
m enuring the velocity of the current by observing the amount of deviation 
undergone by a pendulum, the free end of which hangs loosely in the 
stream. A square or rectangular chamber, one side at least is of glass in 
order that the interior may be visible, is connected by means of two short 
tubes with the two cut ends of an artery; the blood consequently flows 
fix)m the proximal (central) portion of the artery through the chamber into 
the distal portion of the arteiy. Within the chamber and suspended from 
its roof is a short pendulum, the ball of which bears a pointed projection to 
serve as a marker. When the blood-stream is cut off from the chamber 
the pendulum hangs motionless in a vertical position. When the blood is 
allowed to flow through the chamber, the pendulum is driven by the 
force of the current out of its position of rest, the point attached to the 
ball of the pendulum describing an arc of a circle. The more rapid the 
flow the greater will be the deviation, and by placing in the path of the 
marker a graduated scale, the amount of deviation (which is continually 
varying) may, at any moment, be i*ead off. The graduation of the scale 
having been carried out by experimenting with streams of known velocity, 
the velocity can at once be calculated from the amount of deviation. 
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neoted by means of two stop-cooks, which work together, with the two 
ends of a long glass tube, bent in the shape of a U) and filled with water, 
or with a coloured innocuous fluid. The clamps on the artery being re- 
leased, a turn of the stop-cocks permits the blood to enter the proximal 
end of the long U tube, along which it courses, driving the fluid out into 
the arteiy through the distal end. Attached to the tube is a graduated 
scale, by means of which the velocity with which the blood flows alcmg the 
tvhe may be read off. Even supposing the cannulae to be of the same bore 
as the artery, it is evident that the conditions of the flow through the tube 
are such as will only admit of the result thus gained being considered as an 
approximative estimation of the real velocity in the arteiy itself. 

The Bheometer (Stromuh ^ of Lpdwi g. This consists of two glass bulbs 
A an^ By f^ig. ^1, communicating above with each other and with the com- 
mon tube G by which they can be filled. Their lower ends are fixed in 
the metal disc Z), which can be niade to rotate, through two right 
angles, round the lower disc E. In the upper disc are two holes a and 6 
continuous witli A and B respectively, and in the lower disc are two 
similar holes a* and V, similarly continuous with the tubes II and G. 
Hence, in the position of the discs shewn in the figure, the tube G is 
continuous through the two discs with the bulb A and the tube H with 
the bulb B. On turning the disc D through two right angles the tube G 
becomes continuous with B instead of A, and the tube H with A instead 
of B. There is a further arrangement, omitted from the figure for the 
sake of simplicity, by which when the disc D is turned through one 
instead of two right angles from either of the above positions, G be- 
comes directly continuous with //, both being complet shut off from 
tlie bulbs. 



Fig. 21 . Diagrammatic Bepbesentation op Ludwig’s Stbomuiib. 

The ends of the tubes ff and G ai*e made to fit exactly into two cannulse 
inserted into the two cut ends of the artery about to be ex{>erimented upon, 
and having a bore as nearly equal as possible to that of the artery. 

The method of experimenting is as follows. The disc i>, being placed 
in the intermediate position, so that a and b are both cut off,from 
a' and b\ the bulb A is filled with pure olive oil up to the mark », and 
the bulb S, the rest of A^ and the junction (7, with defibrinated blood; and 
G is then clamped. The tubes JI and G are also filled with defibrinated 
blood, and G is inserted into the cannula of the central, H into that of the 
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{jeripheral, end of the artery. On removing the clamps from the artery the 
blood flows through 6^ to if, and so back into the artery. The observation 
now begins by turning the disc D into the position shewn in the figure; 
th^ blood then flows into A, driving the oil there contained out before it into 
the bulb By in the direction of the arrow, the defibrinated blood previously 
present in B passing by U into the artery, and so into the system. At the 
moment that the blood is seen to rise to the mark a;, the disc D is with all 
possible rapidity turned through two right angles; and thus the bulb B, 
now largely filled with oil, placed in communication with G, The blood- 
sti’eam now drives the oil back into Ay and the new blood in A through H 
into the artery. As soon as the oil has wholly returned to Ay the disc is 
again turned round, and A once more placed in communication with Gy and 
the oil once more driven from ^ to J?. And this is repeated several times, 
indeed genei'ally until the clotting of the blood or the admixture of tlie oil 
with the blood puts an end to the experiment. Thus the flow of blood 
is used to fill alternately with blood or oil the space of the bulb Ay whose 
cavity as far as the mark x has been exactly measured ; hence if the number 
of times a second the disc D has to be turned round be known, the number 
of times A has been filled in any given time is also known, and thus the 
quantity of blood which has passed in that time through the cannula con- 
nected with the tube G is directly measured. For instance, supposing that 
the quantity held by the bulb A when filled up to the mark a? is 5 cc., and 
supposing that from the moment of allowing the first 5 cc. of blood to begin 
to enter the tube to the moment when the escape of the last 5 cc. from the 
artery into the tube was complete, 100 seconds had elapsed, during which time 
5 cc. had been received 10 times into the tube from the artery (all but the 
last 5 cc. being returned into the distal portion of the artery), obviously 
•5 cc. of blood had flowed from the proximal section of the arteiy in one 
second. Hence supposing that the diameter of the cannula (and of the 
artery, they being the same) were 2 mm., with a sectional area therefore of 
3*14 square mm., an outflow through the section of *5 cc. or 500 c.mm. in a 
second would give (^yj), a velocity of about 159 mm. in a second. 

Th a Hfematachonieter of Vieror^t is constructed on the principle of 
measuring the velocity of the current by observing the amount of deviation 
undergone by a pendulum, the free end of which hangs loosely in the 
stream, A square or rectangular chamber, one side at least is of glass in 
order that the interior may be visible, is connected by means of two short 
tubes with the two cut ends of an artery; the blood consequently flows 
from the proximal (central) portion of the artery through the chamber into 
the distal portion of the artery. Within the chamber and suspended from 
its roof is a short pendulum, the ball of which bears a pointed projection to 
serve as a marker. When the blood-stream is cut off from the chamber 
the pendulum hangs motionless in a vertical position. When the blood is 
allowed to flow through the chamber, the pendulum is driven by the 
force of the current out of its position of rest, the point attached to the 
ball of the pendulum describing an arc of a circle. The more rapid the 
flow the greater will be the deviation, and by placing in the path of the 
marker a graduated scale, the amount of deviation (which is continually 
varying) may, at any moment, be i*ead off. The graduation of the scale 
having been carried out by experimenting with streams of known velocity, 
the velocity can at once be calculated from the amount of deviation. 
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An instrument based on the same principle has been invented by 
Ohauveau and improved by Lortet. In this the part which corresponds to 
the pendulum in Vierordt’s instrument is prolonged outside the chamber, 
and thus the portion within the chamber is made to form the short amj of 
a lever, the fulcrum of which is at the point where the wall of the chamber 
is traversed and the long arm of which projects outside. A somewhat wide 
tube, the wall of which is at one point composed of* an india-rubber mem- 
brane, is introduced into the two cut ends of an artery. A long light lever 
pierces the india-rubber membrane. The short expanded arm of this lever 
projecting within the tube is moved on its fulcrum in the india-rubber ring 
by the current of blood passing through the tube, the greater the velocity 
of the current, the larger being the excursions of the lever. Tlie move- 
ments of the short arm give lise to corresponding movements in tlie 
opposite direction of the long arm outside the tube, and these, by means of a 
marker attached to the end of the long arm, may be directly inscribed on a 
recording suifacc. This instrument is very well adapted for observing 
changes in the velocity of the flow. In determining actual velocities, for 
which purpose it has to be ex^Kirimentally graduated, it is not so useful. 

In the horse, Volkmann found the velocity of the stream to be 
in the carotid artery about 300 mrn., in the maxillary artery 105 mm., 
and in the metatarsal artery 56 mm. in the second. Chauveau 
determined the velocity in the carotid of the horso to vary from 520 
to 150 mm. per sec. at each beat of the heart, flowing at the former 
rate during the height of each pulse-expansion, and a' | the latter in 
the interval between each two beats. Ludwig and Dogiel found tlie 
velocity in the dog and in the rabbit to vary within very wide limits, 
not only in different arteries, but in the same artery under different 
circumstances. Thus while in the carotid of the rabbit it may be 
said to vary from 100 to 200 mm. per sec., and in the carotid of the 
dog from 200 to 500 mm. per sec., both these limits were frequently 
passed. 


3. The Flow in the Veins. 

When a vein is severed, the flow from the distal cut end (i.e. the 
end nearest the capillaries) is continuous, the blood is ejected with 
comparatively little force, and with slight velocity. 

When a vein is connected with a manometer, the lateral pressure 
is found to bo veryL^Small ; it is gxeatfiii^in th e veins f arther from 

he^rt than in those nearer the heart. TnTthe immediate neigh- 
bourhood of the heart the pressure may (during the inspiratory 
^movement) become neg ative. i.e. when the manometer is brought 
into connection with the interior of the vein, the mercury in the 
distal limb falls, instead of, as in the case of the artery, rising. 

In the brachial vein of the sheep Jacobson found the mean pressure to 
be 4 mm. of mercury, in a branch of the same 9 mm. In the crural it 
was 11*4 mm. In the subclavian the mean pressure was negative, viz. 
- *1 mm., becoming - 1 mm. during inspiration, - 3 mm. or - 5 mm. during 
a strong inspiration, and ebangiug to ^sitive during expiration. 
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The level of mercury in the manometer, except in the case of 
certain veins, subject to influences which will be discussed hereafter, 
remains constan t. The pnlseaoafiillations, so striking in the arteries, 
are absent in the veins. In the small veins the velocity of the cur- 
rent, measured in the same way as the arteries, is very slight. It 
incre ases in th e larger corresponding to the diminution of the 

area oPthebed ;* it is about 200 mm. per sec. in the jugular vein of 
the dog. 

Thus the flow in the veins presents strong contrasts with that 
in the arteries. In the arteries, even in the smallest branches, 
there is a considerable mean pressure. In the veins, even in the 
small veins where it is largest, the mean pressure is very slight. 
In other words, there is always a difierence of pressure tending to 
make the blood flow continuously from the arteries into the veins. 
A pulse is present in the arteries, but, with the exceptions alluded 
to, absent in the veins. The velocity of the stream of blood in the 
arteries is very considerable; in the veins, especially the smaller veins, 
much less ; in both it rorrespon rls with, the nf thft hp>dj diminish- 
ing in the former from the heart to the capillaries, and increasing in 
the latter from the capillaries to the heart. 

Hydraulic Fvinciple^ of the Circulation. 

A.11 the above phenomena are the simple results of an intermittent 
force (like that of the systole of the ventricle) working in a closed 
circuit of branching elastic tubes, so arranged that while the indi- 
vidual tubes first diminish (from the heart to the capillaries) and then 
increase (from the capillaries to the heart), the area of the bed first 
increases and then diminishes, the tubes together thus f prmjng two 
epnes placed base to bag e ^t the capillarie s, with their apices con- 
verging to the heart. To this it must be added that the friction 
in the small arteries or capillaries, at the junction of the bases of the 
cones, offers a very great resistance to the flow of the blood through 
them. It is this peripheral resistance (in the minute arteries and 
capillaries), reacting through the elastic walls of the arteries upon 
the intennittent force of the heart, which gives the circulation of 
the blood its peculiar features. 

When fluid is driven by an intermittent foi-ce, as by a pump, 
through a perfectly rigid tube (or system of tubes), at each stroke of 
the pump there escapes from the distal end of the system just as 
much fluid as enters it at the proximal end. The escape moreover 
takes place at the same time as the entrance, since the time taken 
up by the transmission of the shock is so small, that it may be 
neglected. This result remains the same when any resistance to the 
flow is introduced into the system. The force of the pump re- 
maining the same, the introduction of the resistance undoubtedly 
lessens the quantity issuing at the distal end at each stroke, but it 
does so simply by lessening the quantity entering at the proximal 
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end ; the income and outgo remain equal to each other, and occur at 
almost the same time. And what is true of the two ends, is also true 
of any part of the course of the system, so far, at all events, as the 
following proposition is concerned, that in a system of rigid tubes, 
either with or without an intercalated resistance, the flow caused 
by an intermittent force is, in every part of the tubes, intermittent 
synchronously with that force. 

In a system of elastic tubes in which there is little resistance to 
the progress of the fluid, the flow caused by an intermittent force is 
also intermittent. The outgo being as easy or nearly as easy as the 
income, the elasticity of the walls of the tubes is not called into 
play. These behave practically like rigid tubes. When, however, 
sufficient resistance is introduced into any part of the course, the 
fluid, being unable to pass by the resistance as rapidly as it enters 
the system from the pump, tends to accumulate on the proximal 
side of the resistance. This it is able to do by expanding the elastic 
walls of the tubes. At each stroke of the pump a certain quantity 
of fluid enters the system at the proximal end. Of this only a fraction 
can pass through the resistance during the stroke. At the moment 
when the stroke ceases, the rest still remains on the proximal side of 
the resistance, the elastic tubes having expanded to receive it. 
During the interval between this and the next stroke, the distended 
elastic tubes, striving to return to their natural undistended con- 
dition, press on this extra quantity of fluid which t^y contain and 
tend to drive it past the resistance. Thus in the njid system (and 
in the elastic system without resistance) there issues, from the distal 
end of the system, at each stroke just as much fluid as enters it at 
the proximal end, while between the strokes there is perfect quiet. 
In the elastic system wdth resistance, on the contrary, the quantity 
which passes the resistance is only a fraction of that which enters 
the system from the pump, the remainder or a portion of the re- 
mainder continuing to pass during the interval between the strokes, 

I In the former case, the system is no fuller at the end of the stroke 
^ than at the beginning ; in the latter case there is an accumulation of 
fluid between the pump and the resistance, and a corresponding 
i distension of that part of the system, at the close of each stroke — an 
' accumulation and distension, however, which go on diminishing 
until the next stroke comes. The amount of fluid thus remaining 
after the stroke will depend on the amount of resistanceT in relation 
to the force of the stroke, and on the distensibility of the tubes; 
and the amount which passes the resistance before the next stroke 
will depend on the degree of elastic reaction of which the tubes are 
capable. Thus, if the resistance be very considerable in relation to 
the force of the stroke, and the tubes very distensible, only a small 
portion of the fluid will pass the resistance, the greater part re- 
maining lodged between the pump and the resistance. If the elastic 
reaction be great, a large portion of this will be passed on through 
the resistance before the next stroke comes. In other words, the 
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greater the resistance (in relation to the force of the stroke), and the \ 
greater the elastic force brought into play, the less intermittent, the 1 
more nearly continuous, will be the flow on the far side of the \ 
resistance. 

If the first stroke be succeeded by a second stroke before its 
quantity of fluid has all passed by the resistance, there will be an 
additional accumulation of fluid on the near side of the resistance, 
an additional distension of the tubes, an additional strain on their 
elastic powers, and, in consequence, the flow between this second 
stroke and the third will be even more marked than that between 
the first and the second, though all three strokes were of the same 
force, the addition being due to the extra amount of elastic force called 
into play. In fact, it is evident that, if there be a sufficient store of 
elastic power to fall back upon, by continually repeating the strokes, a 
state of things will be at last arrived at, in which the elastic force, 
called into play by the continually increasing distension of the tubes 
on the near side of the resistance, will be sufficient to drive through 
the resistance, in the interval between each two strokes, just as 
much fluid as enters the near end of the system at each stroke. In 
other words, the elastic reaction of the walls of the tubes will have 
converted the intermittent into a continuous flow. The flow on the 
far side of the resistance is in this case not the direct result of the 
strokes of the pump. All the force of the pump is spent, first in 
getting up, and afterwards in keeping up, the over-distension of the 
tubes on the near side of the resistance; it is the over-distended 
tubes which are the cause of the continuous flow, by emptying them- 
selves into the far side of the resistance, at such a rate, that they 
discharge through the resistance during a stroke and in the succeeding 
interval just as much as they receive from the pump by the stroke 
itself. 

This is exactly what takes place in the vascular system. The 
friction in the minute arteries and capillaries presents a considerable 
resistance to the flow of blood through them into the small veins. 
In consequence of this resistance, the force of the heart’s beat is 
spent in maintaining the whole of the arterial system in a state of 
over-distension, as indicated by the so-called arterial pressure. The 
over-distended arterial system is, by the agency of its elastic walls, 
continually emptying itself by overflowing through the capillaries 
into the venous system, overflowing at such a rate, that just as much 
blood passes from the arteries to the veins during each systole and 
its succeeding diastole as enters the aoii;a at each systole. 

It cannot be too much insisted upon that the whole arterial 
system is (yverfuU. This is what is meant by the high arterial 
pressure. On the other hand, the veins are much less full. This 
is shewn by the low venous pressure. The overfull arteries are 
continually striving to pass their surplus in a continuous stream 
through the capillaries into the veins, so as to bring both venous and 
arterial pressure to the same level. As continually the heart by 
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its beat is keeping the arteries overfull, and thus maintaining the 
difference between the arterial and venous pressure, and thus pre- 
serving the steady capillary stream. When the heart ceases to beat, 
the arteries do succeed in emptying their surplus into the veins, and 
when the pressure on both siaes of the capillaries is thus equalized, 
the flow through the capillaries ceases. 

In the facts just discussed, it makes no essential difference 
whether the outflow on the far side of the resistance be an open one, 
or whether, as is the case in the vascular system, the fluid be 
returned to the pump, provided only that the resistance offered 
to that return be sufficiently small. We shall see, in speaking of 
the heart, that, so far from there being any resistance to the flow of 
blood from the great veins into the auricle, the flow is favoured by 
a variety of circumstances. We have seen moreover that, besides 
the very sudden decrease in the immediate neighbourhood of the 
capillaries, there is in passing along the whole vascular system from 
the aorta to the venae cavae a gradual fall of pressure. A little con- 
sideration shews that this must be the case. After what has been 
said it is obvious that the movement of the blood may be compared 
to that of a body of fluid, driven by pressure from the ventricle 
through the vessels to its outflow in the auricle. Were the pressure 
a continuous one, and were there no capillary resistance, there would 
be a gradual fall of pressure, from the part farthest from the outfall, 
viz. the aorta, to the part nearest the outfall, viz. the vensB cavoB. 
The introduction of the capillary resistance and its a tcndant phe- 
nomena gives rise to the feature of a very sudden and marked fall in 
the capillary region, but leaves untouched the gradual character of 
the fall in the rest of the course, from the aorta to the minute 
arteries, and from the minute veins to the venae cavae. 

To recapitulate : there are three chief factors in the mechanics of 
the circulation, (1) the force and frequency of the heart-beat, (2) the 
peripheral resistance, (3) the elasticity of the arterial walls. These 
three factors, in order to produce a normal circulation, must be in a 
certain relation to each other. A disturbance of these relations 
brings about abnormal conditions. Thus, if the capillary resista nce be 
r educed b e yQ^^ certain ^Jimits.^ while the force and frequency of the 
heart remain the same, so much blood passes through the capillaries 
at each stroke of the heart that there is not sufficient left behind to 
distend the arteries, and bring their elasticity into play. In this 
case the intermittence of the arterial flow is continued on into the 
veins. An instance of this is seen in the experiments on the sub- 
maxillary gland, where sometimes the capillary resistance in the gland 
is so much lowered, that the blood in the veins pulsates'. A like 
result occurs when, the capillary resistance remaining the same, the 
forca^or frequency of the hearts beat is lowe red.^ Thus the beats may 
beso^eeble that at eacli stroke no more blood, or but little more, 

1 See Book i. cap. x. see. 3, on the Secretion of the Digestive Juices. 
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enters the arterial sytem than cjan pass through the capillaries 
before the next stroke ; or so infrequent that the whole quantity sent 
on by a stroke has time to escape before the next stroke comes. If, 
while the hearths beat and resistance remain the same, the elasticity 
of the arterial walls be reduce d, the arteries will be unable to expand 
suSciehtly to vetaln the surplus of each stroke or to exert sufficient 
elastic reaction to carry forward the stream between the strokes; 
and in consequence more or less intermittence will become manifest. 

Marey* states that when fluid is driven through two tubes of equal 
calibre, one elastic and the other rigid, with equal force and like inter- 
mittence, the outflow through the elastic tub© is greater than through the 
rigid tube. This he attributes to the fact that in the rigid tub© all the 
friction falls in the period of the stroke, when the velocity of the stream is 
greatest, and is therefore greater than in the elastic tube where it is dis- 
tributed as well over the interval between the strokes. Under this view, 
tlie arrangements of the vascular system are useful, not only in causing the 
flow through the capillaries to be continuous, and therefore best adapted 
for carrying on the interchange between the tissues and the blood, but also 
in providing that the flow should be as large as possible. 

The velocity of the stream. Observation shews that the velocity 
of the blood-stream diminishes from the aorta to the capillaries, and 
increases from the capillaries to the great veins. Thus in the dog 
the velocity in the great arteries may be stated at from 300 to 
500 mm., in the capillaries at less than 1 mm. (*5 to *75 mm.), and in 
the large veins at about 200 mm. in a sec. In fact, the greater part 
of the time of the circuit is taken up in the capillary region. An 
iron salt, injected into the jugular vein of one side of the neck of a 
horse, makes its appearance in the blood of the jugular vein of the 
other side in about gO jecon ds. 

Hering’s mean result in the horse was 27*6 secs. In the dog Vierordt 
found it to be 15*2 secs.; in the rabbit* 7 secs. 

Without laying too much stress on this experiment, it may be 
taken as a fair indication of the time in which the whole circuit may 
be completed. It takes about the same time (see p. 98) to pass 
through about 20 mm. of capillaries. Hence, if any corpuscle had in 
its circuit to pass through 10 mm. of capillaries, half the whole time 
of its journey would be spent in the narrow channels of the capilla- 
ries. Since, however, the average length of a capillary is aboutjl 
•5 mm., about one second is spent in the capillaries. Inasmuch as|! 
the purposes served by the blood are chiefly carried out in the capil- 
laries, it is obviously of advantage that its stay in them should be 
prolonged. 

The permanent variations in the velocity of the stream are directly 
dependent on the area of the ‘ bed.* When a fluid is driven by a 
uniform pressure through a narrow tube with an enlargement in the 

^ Ann, Sci, Nat. (iv.) vm. p. 829. 
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middle, the velocity of the stream will be found to diminish in the 
enlargement, but to increase again when the tube once more narrows. 
So a river slackens speed in a broad, but rushes on rapidly aj|ain when 
the banks close in. Exactly in the same way the velocity of the 
blood-stream slackens from the aorta to the capillaries corresponding 
with the increased total bed, but hurries on again as the numerous 
veins are gathered into the smaller bed of the vense cav«. The loss 
of velocit y in the capillaries, as compared with the arteries, is no^ 
due to there being so much more friction in t he narrow channels of 
the former than in the wide canals of the latter. For the peripheral 
resistance caused by the friction in the capillaries and small arteries 
is an obstacle not only to the flow of blood through these small 
vessels where the resistance is actually generated, but also to the 
escape of the blood from the large into the small arteries, and indeed 
from the heart into the large arteries. It exerts its influence along 
the whole arterial tract. And it is obvious that if it were this peri- 
pheral resistance which checked the flow in the capillaries, there 
could be no recove^ of velocity along the venous tract. The rapidity 
of the flow in arteries, capillaries, and veins, is in each case determined 
by the total sectional area of the channels. There iSj however, a loss 
o f velocity on Iha whole course. At each stroke as much blood enters 
the right auricle as issues from the left ventricle ; but the sectional 
area of the ven® cav® is greater than that of the aorta, so that even 
if the auricle were filled in exactly the same time as the ventricle is 
emptied, the blood must pass more rapidly through ^he narrow aorta 
than through the broad ven® cav®, in order that the same quantity 
of blood should pass each at the same time. The diastole of the 
auricle, however, is distinctly longer than the systole of the ventricle ; 
the time during which the auricle is being filled is greater than that 
during which the ventricle is being emptied, and hence the velocity 
of the venous flow into the auricle must be still less than that of the 
arterial blood in the commencing aorta. 

The temporary variations of the velocity of the stream in any 
given channel, and these we have already (p. 106) seen to be very 
considerable in the case of the arteries at least, are dependent on 
a variety of circumstances. In a tube of constant calibre, the velocity 
with which fluid flows from one point to another, for instance from 
the point a to the point 6, will be in main dependent on the differ- 
ence between the pressures existing at a and 6. The lower the 
pressure at 6 as compared with a the greater the rapidity with which 
the fluid flows from a to J. And te mporary Lvariations of jgressiyes 
form undoubtedly the main cause of the temporary variations observ- 
able in the velocity of the arterial flow. Thus with each systole of 
the ventricle there is an increase of velocity in the whole arterial 
flow followed by a diminution during the diastole. So also if the 
peripheral resistance in a capillary district belonging to an artery be 
sudaenly lowered (by the action of vaso-motor nerves, in a manner 
which we shall presently discuss), without the calibre of the artery 
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itself being changed^ the prepure on the distal (peripheral) side of 
the artery may be much diminished, while the pressure. on the 
proximal (cardiac) side remains at first unaltered; and this would 
necessarily cause an increase in the rapidity of the stream through 
that artery. But, as we shall see later on, from the complications of 
the vascular machinery such problems as these become very intri- 
cate ; and the results of observations on variations in arterial velocity 
are not altogether intelligible. It has been suggested that varying 
conditions of the blood may be an important factor in determining 
the variations in the velocity of the strea^x^ 

Sec. 2. The Heart. 

The heart is a pump, the motive power of which is supplied by 
the contraction of its muscular fibres. Its action consequently 
presents problems which are partly mechanical, and partly vital. 
Regarded as a pump, its effects are determined by the fregii^ency of 
the boato/ bv nf ^Aat.f-V.y thft nharafitfir of aanh l;>eatX. 

whether, for instance, slow and lingering, or sudden and sharp — and 
by the guantity of flu id Hence, with a given 

frequency, force, and character of beat, and a given quantity ejected 
at each beat, the problems which have to be dealt with are for the 
most part mechanical. The vital problems are chiefly connected with 
the causes which determine the frequency, force, and character of the 
beat. The quantity ejected at each beat is governed more by the 
state of the rest of the body, than by that of the heart itself. 

The Phenomena of the normal Beat 

The visible movements. When the chest of a mammal is opened 
and artificial respiration kept up, a complete beat of the whole heart, 
or cardiac cycle, may be observed to take place as follows. 

The great veins, inferior and superior venae cavae and pulmonary 
veins, are seen, while full of blood, to contract in the neighbourhood 
of the heart : the contraction runs in a peristaltic wave towards the 
auricles, increasing in intensity as it goes. Arrived at the auricles, 
which are then full of blood, the wave suddenly spreads, at a rate 
too rapid to be fairly judged by the eye, over the whole of those 
organs, which accordingly contract with a sudden sharp systole. In 
the systole, the walls of the auricles press towards the auriculo- 
ventricular orifices, and the auricular appendages are drawn inwards, 
becoming smaller and paler. During the auricular systole, the ven- 
tricles may be seen to become more and more turgid. Then follows, 
as it were immediately, the ventricular systole, during which the 
ventricles become shorter and thicker. Held between the fingers 
they are felt to become tense and hard. As the systole progresses, 

^ Ludwig and Dogiel. Ludwig’s ArheiteUi 1867. 
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the aorta and pulmonary arteries are seen to expand and elongate, 
and the* heart to twist slightly on its long axis, so that, while the 
base is fixed by the great arteries, the apex moves from the left and 
behind towards the front and right; hence more of the left ventricle 
becomes displayed. As the systole gives way to the succeeding 
pause or diastole, the ventricles flatten and elongate, the aorta 
and pulmonary artery contract and shorten, the heart turns back 
towards the left, and thus the cycle is completed. 

More exact observation shews, as regards the change of form of 
the ventricular portion, that this, during diastole, has somewhat the 
shape of a flattened con e, with fyn ellipae^ having its long diameter 
Jvom right to left, as a bas e, but during the systole becomes a shorter, 
more reg^ilar. cop e, with ajiircle for it^bas e. having lessened chiefly 
in its longitudinal and right-to-left diameters, and slightly only in 
its antero-posterior diameter. According to KUrschner^ the cir- 
cumference of the base of the ventricle is absolutely increased 
during the systole; a tape placed round the base becomes tense 
at the commencement of the systole, while the cavity is still full of 
blood. 

When the chest is opened, the heart is deprived of its natural 
supports, and consequently, under such circumstances, its change of 
position during the systole cannot be properly studied. For it must 
be remembered that the heart, closely covered by the pericardium, 
lies immediately under the sternum and ribs, there bemg between 
them nothing more than a small amount of medretinal connective 
tissue, and rests on the slope of the diaphragm below, with the lungs 
on either side. If, in the unopened chest of a rabbit or dog, three 
needles be inserted through the chest-wall so that their points are 
plunged into the substance of the ventricle, one (B) at the base, close 
to the auricles, another (A) through the apex, and a third (M) at 
about the middle of the ventricle, all three needles will be observed 
to move at each beat of the heart. The head of B will move 
suddenly upwardwS, shewing that the point of the needle plunged 
in the ventricle moves downwards, whereas A will only quiver, 
and move neither distinctly upwards nor downwards. M will 
move upwards i^and therefore its point downwards), but not to the 
same extent as B. The nearer to B, M is, the more it moves: 
the nearer to A, the less. Thus, while during the beat, the base (B) 
moves downwards as the result of the contraction (and longitudinal 
shortening) of the ventricle, the apex (A) does not change its place, 
the shortening of the ventricle itself being compensated by the 
lengthening of the great arteries. The middle of the ventricle moves 
downwards more than the apex, but less than the extreme base. 
After the death of the animal, the needles, if properly inserted at 
first, perpendicular to the chest, will be found with all their heads 
directed downwards, indicating that the whole ventricle has been 


^ Wagner’s Handwdrterbuchf Art. HerztMtigkeiU 



Chap, it.] 


TffE VASGUIAB MECHANISM. 


115 


clrawn up .by the contraction of the empty aorta and pulmonary 
artery. 

Cardiac Impulse, If the hand be placed on the chest, a shock 
eft* impulse will be felt at each beat, and on examination this impulse, 
‘cardiac impulse,’ will be found to be synchronous with the sys- 
tole of the ventricle. In man, the cardiac impulse may be most 
distinctly felt in the fifth costal interspace, about an inch below and 
a little to the median side of the left nipple. The same impulse 
may be felt in an animal by making an incision through the dia- 
phragm from the abdomen, and placing the finger between the chest- 
wall and the apex. It then can be distinctly recognized as the result 
of the hardening of the ventricle during the systole. And the im- 
pulse which is felt on the outside of the chest is the same hardening 
of the stationary portion of the ventricle in contact with the chest- 
wall, transmitted through the chest-wall to the finger. In its flaccid 
state, during diastole, the apex is (in a standing position at least) 
here in contact with the chest-wall, lying between it and the tolerably 
resistant diaphragm. During the systole, while occupying, as we 
have seen, the same position, it suddenly grows tense and hard. 
The ventricles, in executing their systole, have to contract against 
resistance. They have to produce within their cavities, tensions 
greater than those in the aorta and pulmonary arteries, respectively. 
This is, in fact, the object of the systole. Hence, during the swift 
systole, the ventricular portion of the heart becomes suddenly tense, 
just as a bladder full of fluid would become tense and hard when 
forcibly squeezed. This sudden hardness gives an impulse or shock 
both to the chest-wall and to the diaphragm, which may be felt 
readily both on the chest-wall, and also through the diaphragm when 
the abdomen is opened, and the finger inserted. If the modification 
of the sphygmograph (see section on Pulse), called the cardiograph, 
be placed on the spot where the impulse is felt most strongly, the 
lever is seen to be raised during tlie systole of the ventricles, and to 
fall again as the systole passes away, very much as if it were placed 
on the heart directly. A tracing may thus be obtained (Fig. 22), 
of which we shall have to speak more fully immediately. If the 
button of the lever be placed, not on the exact spot of the impulse, 
but at a little distance from it, the lever will be depressed during the 
systole. While at the spot of impulse itself the contact of the ven- 
tricle is increased during systole, away from the spot the ventricle 
retires from the chest-wall (by the diminution of its right-to-left ^ 
diameter), and hence, by the mediastinal attachments of the peri- 
cardium, draws the chest-wall after it, 

Endo-cordiac pressure. In order to study more fully the changes 
going on in the heart during the cardiac cycle, it becomes necessary 
to know something of what is taking place in the interior of the 
cavities of the heart. At present, our chief information on this head 

8—2 
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is derived firom the experiments of Chauveau and Marey*. By intro- 
ducing into the right auricle and ventricle respectively of the horse, 
through the jugular vein, small elastic bags, each communicating with 



Fio. 22. Tbacino oe the Vakiations of Pbbbstjbe in the right Auricle and Ventri- 
cle, AND OF THE OaBDIAO IMPULSE, IN THE HORSB. (AfTBB MaRBY ' (To bo lead 
from left to right.) 

The tipper ctirve represents the variations of pressure within the auricle, the 
middle curve the variations of pressure within the ventricle; these two therefore 
illustrate changes taking place in the interior of the heart. The lower curve represents 
the variations of pressure transmitted to a lover outside the chest and constituting the 
cardiac impulse. A complete cardiac cycle, beginning at the close of the ventricular 
systole, is comprised between the thick vertical lines I and II. The thin vertical lines 
represent tenths of a second, a, the gradual filling of the auricle and ventricle; 6, the 
auricular systole ; c, the ventricular systole ; d, oscillations of pressure, intei-preted by 
Morey as caused by vibrations of the aurioulo-ventricular valves ; e probably marks the 
closing of the semilunar valves. 

a recording tambour, these authors were enabled to take simultaneous 
tracings of all the changes of pressure occurring in the two cavities. 
These results are embodied in Fig. 22, of which the upper curve 
represents the changes of pressure in the auricle, the middle curve 
the changes of pressure in the ventricle, and the lower curve the 
cardiographic tracing of the cardiac impulse. All these curves were 
taken simultaneously on the same recording surface. 

Method. A tube of appropriate curvature is furnished with two small 
elastic bags, one at the extreme end and the other at such a distance that 
when the former is within the cavity of the ventricle the latttcr is in the 
cavity of the auricle. Each bag (Fig. 23 A) communicates by a separate 
air-tight tube with an air-tight tamboiu* (Fig. 23 B) on which a lever rests; 
so that any pressure on either bag is communicate to the cavity of its 
respective tambour, the lever of which is raised in proportion. The writing 

^ Marey, Circulation du Sang. 
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Fig. 23. JMarey’s Tamboub, with Cardiac Sodnd. 

A. A himple cardiac sound such as may be used for exploration of the left ventricle. 
The portion a of the ampulla at the end is of thin india-rubber, stretched over an 
open framework with metallic supports above and below. The long tube h servos to 
introduce it into the cavity which it is desired to explore. 

B. The Tambour. The metal chamber m is covered in an air-tight manner with 
the india-rubber c, bearing a thin metal {plate m' to which is attached the lover I 
moving on the hinge h. The whole tambour can be placed by means of the clamp 
cl at any height on the upright The india-rubber tube t serves to connect the 
interior of the tambour either with the cavity of the ampulla of A or with any other 
cavity. Supposing that the tube t were connected with h, any pressure oxertetl on a 
would cause the roof of the tambour to rise and the point of the lever would be propor- 
tionately raised. 

points of all three levers are brought to bear on the same recording surface 
exactly underneath each other. The tube is carefully introduced through 
the right jugular vein into the right side of the heart until the lower (ven- 
tricular) bag is fairly in the cavity of the right ventricle, and consequently 
the upper (auricular) bag in the cavity of the right auricle. Changes of 
}>ressure in either cavity then cause movements of the coiTesponding lover. 
When the pi*essure is increased for instance in the auricle, the auricular 
lever is raised and describes on the recording surface an ascending curve; 
when the pressure is taken off the curve descends; and so also with the 
ventricle, 

A complete cardiac cycle is comprised between the vertical lines 
I. and II. Fig. 22. The recording surface was travelling at such a 
rate that the intervals between any two of the thin vertical lines 
corresponds to one-tenth of a second. Hence in this case the whole 
cardiac cycle occupied about ^ ths of a second. Any point in the 
cycle might of course be taken as its commencement. In the figure, 
the cycle is supposed to begin shortly after the end of the ven- 
tricular systole, and the beginning of the diastole. 
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On examining the three curves we see, at a, a steady rise of the 
auricular, accompanied by similar gradual ascents of the ventricular 
and also of the cardiograph lever. These may be interpreted as 
indicating that the blood is pouring from the great veins into the 
auricle, increasing the pressure there, and at the same time passing 
on into the ventricle, increasing also the internal pressure there, a , 
and also by distending the ventricle causing it to press somewhat on 
the chest-wall and thus to raise the cardiograph lever, a\ This con- 
tinues for about ^ths of a second, and is then followed by the 
sudden rise of auricular pressure b due to the auricular systole, fol- 
lowed by a sudden fall as the blood escapes into the ventricle. The 
sudden entrance of blood into the ventricle causes a sudden increase 
of the pressure in the ventricle as indicated by the ventricular lever 
b\ and a sudden increase in the pressure on the chest-wall The 
auricular systole is followed immediately by the sudden strong 
ventricular systole Cy the pressure rising very abruptly. Owing 
to the presence of the tricuspid valves, this increase of pressure 
is kept off the auricle altogether; but the chest-wall, as shewn 
by the tracing at c", feels the sudden increase of the pressure of 
the ventricle against it. The ventricular pressure lasts for some 
time, gradually declining, and then suddenly falls. This may be 
interpreted as indicating that the systole rapidly reaches a maximum, 
maintains that maximum with a slight decline only for some little 
time, and then suddenly ceases. The oscillations during the maxi- 
mum, as seen at d\ and also manifest in the auricular curve at d, and 
in the impulse curve at are interpreted by Marey as due to 
vibrations of the tricuspid valves, but their causation is at present 
by no means clear. At the end of the ventricular systole, the descent 
of the lever is broken by a slight rise at e'y visible also in the auricle 
at e, and even in the impulse curve at e". This is interpreted by 
Marey as indicating the closure of the semilunar valves. After this 
slight rise, the ventricular curve and the impulse curve fall to their 
lowest points, while the auricle is already beginning to fill; and the 
cardiac cycle begins anew. 

It must be remembered that the above curves in the form in which 
they are given in the diagiam can only be used for ascertaining the varia- 
tions of pressure at different times in the s.imo chamber, or for determining 
what changes in the one chamber are coincident in point of time with 
changes in the other. They in no way indicate the amount of pressure 
in the auricle as compared with that in the ventricle. Because in the 
figure the rise of the curve during the auricular systole is about half that 
of the ventricle, it does not follow that the pressure caused by the one is 
half that caused by the other. 

Thus of the whole period of a beat, the largest fraction is that of 
the diastole, or ^passive interval,* i.e. of the interval between the end 
of the ventricular and the commencement of the auricular systole. 
The next largest is that of the ventricular systole, and the smallest 
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that of the auricular systole. The duration of the diastole is usually 
given as f of the whole period, that of the whole systole being of 
which far the greatest part is taken up by the ventricle ; but in these 
In^asu^ements the systole is supposed to end with the cessation of 
the ventricle’s contraction and not to include its relaxation. Bonders 
found the ventricular systole, as determined by the time elapsing 
between the commencement of the first and of the second sounds, 
and therefore including the relaxation as well as the contraction of 
the ventricular fibres, to occupy on the average *301 to *327 sec., or 
40 to 46 p. c. of the whole period. Landois^ gives the following mea- 
surements, the whole cycle lasting 1-130 sec. 

Mean Duration of auricular systole to 

beginning of ventricular systole ... *177 sec. 

Mean Duration of ventricular contrac- 
tion *192 „ ^ 

Mean Duration of maintenance of con- 
traction *082 „ - 

Moan Duration from beginning of re- 
laxation to closure of semilunar 

valves *072 „ J ’ 

Mean Duration of closure of valves to 

beginning of pause *200 „ 

Mean Duration of remainder of cycle *407 „ 

1130 

The proportions however are not fixed, but vary somewhat. 
Practically speaking, there is no interval between the auricular and 
ventricular systole, the latter being separated from the former by a 
fraction of time which is almost inappreciable. 

When the actual pressure in the heart of a horse is measured 
either by a graduation of Marey’s instrument, or by introducing an 
open tube connected with a mercury manometer directly into the 
cavities of the heart, the pressure during the right auricular systole 
does not amount to more than 2 or 3 mm. of mercury, while that of 
the right ventricular systole is about 25 mm., and that of the left 
ventricle (the tube being introduced through the carotid artery) 
amounts to about 200 mm.'' 

Pick* employing a different method, has arrived at results which in 
j)art agree with and in part differ from those of Marey. He introduced, in the 
right auricle or ventricle through the jugular vein, or into the left ventricle 
through the carotid arteiy, a glass tube filled with sodium carbonate solu- 
tion, open at the end introduced into the heart and connected at the other 
with a spring manometer (Fig. 24). The variations of pressure occurring 
in the auricle or ventricle were accordingly directly transmitted to the 
manometer. He finds that the pressure of the auricle is almost constant 
during the several cardiac phases. Instead of the pressure rising, as 
Marey found, during the auricular systole, and becoming negative, i.e. 
sinking below the pressure of the atmosphere, after the auricular systole, 

1 ChU Med, Wise, 1866, p. 179. , * Marey, op. cit. 

* Ueber die Schwankungen des Bluidruokes in verschiedenen Abschnitten des Ctefftss- 
systemes. Arheiten a, d, Phyeiolog. Labordtor. d. Wilrzburger Hochechule, p. 183. 


•451 sec. = systole of the heart as 
usually understood. 

•346 „ = systole of ventricle as 
measured by Bonders. 


•679 ,, = diastole of the heart as 
usually understood. 
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On examining the three curves we see, at a, a steady rise of the 
auricular, accompanied by similar gradual ascents of the ventricular 
and also of the cardiograph lever. These may be interpreted as 
indicating that the blood is pouring from the great veins into the 
auricle, increasing the pressure there, and at the same time passing 
on into the ventricle, increasing also the internal pressure there, a , 
and also by distending the ventricle causing it to press somewhat on 
the chest-wall and thus to raise the cardiograph lever, a". This con- 
tinues for about ^ths of a second, and is then followed by the 
sudden rise of auricular pressure h due to the auricular systole, fol- 
lowed by a sudden fall as the blood escapes into the ventricle. The 
sudden entrance of blood into the ventricle causes a sudden increase 
of the pressure in the ventricle as indicated by the ventricular lever 
h\ and a sudden increase in the pressure on the chest-wall V. The 
auricular systole is followed immediately by the sudden strong 
ventricular systole c\ the pressure rising very abruptly. Owing 
to the presence of the tricuspid valves, this increase of pressure 
is kept off the auricle altogether; but the chest- wall, as shewn 
by the tracing at c\ feels the sudden increase of the pressure of 
the ventricle against it. The ventricular pressure lasts for some 
time, gradually declining, and then suddenly falls. This may be 
interpreted as indicating that the systole rapidly reaches a maximum, 
maintains that maximum with a slight decline only for some little 
time, and then suddenly ceases. The oscillations durin^^ the maxi- 
mum, as seen at d\ and also manifest in the auricular cui /e at d, and 
in the impulse curve at d", are interpreted by Marey as due to 
vibrations of the tricuspid valves, but their causation is at present 
by no means clear. At the end of the ventricular systole, the descent 
of the lever is broken by a slight rise at visible also in the auricle 
at e, and even in the impulse curve at e". This is interpreted by 
Marey as indicating the closure of the semilunar valves. After this 
slight rise, the ventricular curve and the impulse curve fall to their 
lowest points, while the auricle is already beginning to fill ; and the 
cardiac cycle begins anew. 

It must be remembered that the above cuiwes in the form in which 
they are given in the diagram can only be used for ascertaining the varia- 
tions of pressure at different times in the same chamber, or for determining 
what changes in the one chamber are coincident in point of time with 
changes in the other. They in no way indicate the amount of •pressure 
in the auricle as compared with that in the ventricle. Because in the 
figure the rise of tlie curve during the auricular systole is about half that 
of the ventricle, it does not follow that the pressure caused by the one is 
half that caused by the other. 

Thus of the whole period of a beat, the largest fraction is that of 
the diastole, or ‘passive interval,* i.e. of the interval between the end 
of the ventricular and the commencement of the auricular systole. 
The next largest is that of the ventricular systole, and the smallest 
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that of the auricular systole. The duration of the diastole is usually 
given as f of the whole period, that of the whole systole being of 
which far the greatest part is taken up by the ventricle ; but in these 
measurements the systole is supposed to end with the cessation of 
the ventricle's contraction and not to include its relaxation. Bonders 
found the ventricular systole, as determined by the time elapsing 
between the commencement of the first and of the second sounds, 
and therefore including the relaxation as well as the contraction of 
the ventricular fibres, to occupy on the average *301 to *327 sec., or 
40 to 46 p. c. of the whole period. Landois^ gives the following mea- 
surements, the whole cycle lasting 1T30 sec. 

Mean Duration of auricular systole to 

beginning of yentricular systole ... *177 sec 
Mean Duration of ventricular contrac> 

tion ‘192 „ 

Mean Duration of maintenance of con- 
traction *082 „ 

Mean Duration from beginning of re- 
laxation to closure of sc^unar 

valves ‘072 „ 

Mean Duration of closure of valves to 

beginning of pause *200 

Mean Duration of remainder of cycle *407 „ 

1130 

The proportions however are not fixed, but vary somewhat. 
Practically speaking, there is no interval between the auricular and 
ventricular systole, the latter being separated from the former by a 
fraction of time which is almost inappreciable. 

When the actual pressure in the heart of a horse is measured 
either by a graduation of Marey's instrument, or by introducing an 
open tube connected with a mercury manometer directly into the 
cavities of the heart, the pressure during the right auricular systole 
does not amount to more than 2 or 3 mm. of mercury, while that of 
the right ventricular systole is about 25 mm., and that of the left 
ventricle (the tube being introduced through the carotid artery) 
amounts to about 200 mm.* 

Pick* employing a different method, has arrived at results which in 
part agree with and in part differ from those of Marey. He introduced, in the 
right auricle or ventricle through the jugular vein, or into the left veutricle 
through the carotid artery, a glass tube filled with sodium carbonate solu- 
tion, open at the end introduced into the heart and connected at the other 
with a spring manometer (Fig. 24). The variations of pressure occurring 
in the auricle or veutricle were accordingly directly transmitted to the 
manometer. He finds that the pressure of the auricle is almost constant 
during the several cardiac phases. Instead of the pressure rising, as 
Marey found, during the auricular systole, and becoming negative, i.e. 
sinking below the pressure of the atmosphere, after the auricular systole, 

1 Cht Med. WU$. 1866, p. 179. . * Marey, op. cit. 

* Ueber die Schwankongen des Blutdruckes in verschiedenen Abschnitten des Gefass- 
systemes. Arbeiten a. d, Phyeiolog. Labordtor. d. WUrzburger Hochschule, p. 183. 


"I r *461 sec. = systole of the heart as 
usually understood. 

^ *346 „ = systole of ventricle as 

measured by Donders. 

} *679 „ = diastole of the heart as 
usually understood. 
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Fig. 24. Diagram Illustrating Fick’s Spring 

This consists essentially of a hollow flattened german-silver tube a, curved in the 
form of an incomplete circle. The lower open end 5, firmly fastened to the stand s, 
is connected with a tube c, bearing a stop-cock. To the upper closed end d is attached 
a light upright rod connected with the writing lever Z. 

Through the tube c the hollow curved spring is filled with alcohol, and the stop- 
cock closed. The tube c is then connected with the artery by means of a non-elastic 
flexible (leaden) tube filled with sodium carbonate solution. On opening the stop-cock 
the variations of pressure of the blood in the artery are communicated to the fluid in 
the hollow curved spring ; at each increase of pressure the spring expands, and the 
movements of the free end d are transferred to the writing lever Z. The instrument 
as generally sent out also bears an arrangement (not shewn in the diagram), by 
which the point of the lever describes a straight instead of a curved line. The spring 
manometer is exceedingly useful where it is desirable to investigate closely the varia- 
tions in the form of the pressure-curve. In order to measure the amount of varia- 
tion, the instrument must be experimentally graduated. 

according to Fick, it does not, apart from respiratory effects, vary more 
than about 2 mm. of mercury from the base line of the pressure of the 
atmosphere (Fig. 25 A), being for the most part slightly below it j and the 
elevations which are seen are coincident, not with its own systole, but that 
of the ventricle. This result is quite in accordance with Fick^s view of 
the proper function of the auricles, viz. to keep the pressure constant at 
the entrance of the great veins into the heart Were the right auricle 
absent there could be no flow from the veins into the heart duiing the 
ventricular systole, and consequently an arrest for the time being of 
the flow along the veins. By the presence of the auricle this evil is 
avoided. During the ventricular systole, the auricle acts as a reservoir, its 
walls being relaxed in diastole, and becoming expanded in proportion as 
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Fig. 26. Curves Illustrating the Varutionb op Pressure in the Cavities op the 
Heart according to Fick. (To be read from left to right.) 

A. The pressure in the right auricle. 6, the base line or line of pressure of one 
atmosphere. The curve of the auricular pressure is here for the most part slightly 
negative, rising to the base line during the ventricular systole. 

JS. F. The pressure in the right ventricle, b, the base line, as before. «, the com- 
mencement of the systole. The pressure is seen to become negative during the 
diastole. 

X. F. The pressure in the loft ventricle. The base line is not shewn, but it occupies 
about the same position as in i2. F. s, the commencement of the systole. 

The curve iif is a copy of one of Marey’s curves of the left ventricle (differing somewhat 
from that given in Fig. 22), introduced for the sake of comparison. 

more and more blood flows into the auricle from the veins. During the 
ventricular diastole, the extra room thereby afforded for the blood would 
tend to diminish the pressure in the auricle; but this is the time when the 
auricle contracts, and, by diminishing the capacity of its cavity in propor- 
tion as its contents escape into the ventricle, maintains the pressure in the 
auricular cavity fairly equable. According to this view however the 
auricular systole ought immediately to succeed the ventricular systole; 
which it does not. This fairly constant pressure in the auricle Fick found 
to be influenced by the respiratory movements, especially when the breatliing 
was laboured, rising considerably above the base line (of atmospheric pres- 
sure) in expiration and sinking sometimes as much as 10 mm. below during 
inspiration. The curves (Fig. 25, R.V, L.V.) which he obtained from the 
right and left ventricles, resemble very closely those of Marey ; the pressure 
during the systole being in the dog on the right side from 20 — 40 mm., on 
the left side about 140 mm. He found that on both sides the pressure 
became negative, falling slightly below the base line, immediately after the 
systole, rather more on the right side than on the left. Marey found the 
same negative pressure immediately after the systole to be greater on the 
left than on the right. Fick arrived at the puzzling result, which he says 
cannot be due to sluggishness of the manometer, that with a quick pulse 
the maximum pressure in the left ventricle may be as much as 24 mm. 
below that of the aorta. Though Fick’s results have been corroborated by 
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Gradle*, Marey* insists that they are due to a faultiness of the manometer. 
The more normal condition occurring with an ordinary rapidity of pulse, 
is shewn in Fig. 26 . 



Fio. 26. Curve Illustrating the Pressure in Left Ventricle as compared with 
THAT IN Aorta. (To be read from left to right.) 

At / the tube was witlidrawn from the oavily of the ventricle through the semilunar 
valves into the aorta. L. K., the pressure in the ventricle. tlie pressure in the 
aorta. The more gradual fall of the pressure in the aorta is very marked, h the base 
line. The curve L. V, differs slightly from X. F. in Fig. 25, because in the former the 
aberration caused by the cui*vilinear movement of the writing lever (indicated by the 
line r) has not been corrected. 


The Mechanism of the Valves, * 

The anriculo-ventricular valves present no difficulty. As the 
blood is being driven by the auricular systole into the ventricle, a 
reflux current is set up, by which the blood, passing along the sides of 
the ventricle, gets between them and the flaps of the valve (whether 
tricuspid or mitral). As the pressure of the auricular systole di- 
minishes, the same reflux current floats the flaps up, until at the 
extreme end of the systole they meet, and thus the orifice is at once 
and firmly closed, at the very beginning of the ventricular beat. 
The increasing intraventricular pressure serves only to render the 
valve more and more tense, and in consequence more secure, the 
chordae tendineae and the contraction of the papillary muscles (simul- 
taneous with that of the rest of the ventricular walls) preventing 
the valve from being inverted into the auricle, and indeed keeping 
the plane of the valvular sheet convex to the ventricular cavity, by 
wffiich means the complete emptying of the ventricle is more fully 
effected. Since the same papillary muscle is in many cases con- 
nected by chordae with the adjacent edges of two flaps, its contraction 
also serves to keep these flaps in more comjdete apposition. Moreover 
the extreme borders of the valves, outside the attachments of the 
chordae, are excessively thin, so that when the valve is closed, these 
thin portions are pressed flat together back to back ; hence while the 

1 Wiener Med, Jahrb, 1876, p. 401. 


* Trav, du Lahorat. n. 819. 
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tougher central parts of the valves bear the force of the ventricular 
systole, the apposed thin membranous edges, pressed together by the 
blood, more completely secure the closure of the orifice, 

l*he semilunar valves are, during the ventricular systole, pressed 
outwards towards the arterial walls, and thus offer no obstacle to the 
escape of blood from the cavities of the ventricles. As the ventricular 
systole diminishes, a reflux current partially fills the pockets, and 
tends to carry their free margins towards the middle of the tube. 
Upon the sudden close of the systole, the elastic rebound of the 
arterial walls causes a sudden current backwards, which, filling and 
distending the pockets, causes their free margins to come into com- 
plete and firm contact, and thus entirely blocks the way. The corpora 
Arantii meet in the centre, and the thin membranous festoons or 
lunulse are brought into exact apposition. As in the tricuspid valves, 
so here, while the pressure of the blood is borne by the tougher 
bodies of the several valves, each two thin adjacent lunulae, pressed 
together by the blood acting on both sides of them, are kept in com- 
plete contact, without any strain being put upon them ; in this way 
the orifice is closed in a most efficient manner. 

An ingenious view has been put forward by Briicke' concerning the 
action of the semilunar valves. He mainttiins that during the ventricular 
systole, the flaps are pressed back flat against the arterial walls, and in the 
case of the aorta completely cover up the orifices of the coronary aiterif's ; 
hence the flow of blood from the aorta into the coronary arteries cun take 
place only during the ventricular diastole or at the veiy beginning of the 
systole, and not at all during the systole itself. The object of this, he 
argues, is twofold. In the first place, the muscular tissue of the ventricle 
is not burdened with blood at the moment that it is undergoing contraction, 
but receives its nutritive supply during the phase of relaxation ; hence the 
whole force of the contraction of the ventricular fibres is spent on the 
contents of the cavity, and none is wasted in compression of the intra-mus- 
cular blood-vessels. In the second place, the eflect of the flow, at the close 
of the systole, into the previously emptied coronary arteries, is to unfold, so 
to speak, the collapsed cavities of the ventricles very much in the same way 
as the collapsed cavity of a double-walled ball may be reinstated by the 
forcible injection of fluid into the space between the two walls. Through 
this particular behaviour of the valves, in fact, the heart, as an after-effect of 
the systole, dilates its own ventricles; hence the mechanism has been 
called by Briicke a ‘self-regulating mechanism.* 

Brucke*s view has however been much disputed. In the first place, wo 
know that the flow of blood from an ordinary skeletal muscle, though it 
may suffer a brief initial check (probably from compression of the larger 
veins), is increased and not diminished by a tetanic contraction of the 
muscle, the increase being visible while the contraction is still at its height*. 
Corresponding to this lasting increased flow from the veins there mu8t bo 
an increased flow into the arteries. And in certain dispositions of the 

1 Wien, Sitz,-Beriehte^ 1854 ; and Der Verschluss d, Kranzschlagadem, 

* Gttskell, Ludwig’s Arbeiten, 1876 ; and Joum, Jnat. and Phys.^ xi, 860. 
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blood-vessels and muscular fibres (as when a vessel is surrounded hj fibres 
running lengthways parallel to itself), the increased thickening of the fibres 
will tend not to compress but to dilate the vessel. The advantage to the 
muscular tissue therefore of the closure of the coronary arteries seems at 
least doubtful In the second place, it has been urged that, in point of* fiict, 
the mouths of the coronary arteries are not covered by the valves. Brttoke 
replies that they may appear uncovered during dissection after death, but 
are actually covered during life. He moreover brings forward an experi- 
ment on a pig’s heart removed from the body, in which a stream of water 
sent through the pulmonary veins and auricle into the left ventricle issues 
through the open aorta, without a drop of it appearing at the cut end of an 
opened coronary artery, if the aorta be maintained in a proper position, 
and all vibration and jar be avoided; and argues that it is the closure of 
the orifices by the valves which prevents the flow, because any shake suffi- 
cient to develope a backward current in the aorta and thus to lift up the 
valves, at once gives rise to a flow. If however, as has been stated, the 
experiment will succeed equally well in the absence of the valves, and will not 
succeed if the free exit of fluid from the end of the aorta be hindered though 
the valves be intact, the absence of a flow through the coronary artery must be 
due to a deficiency of pressure in the aorta and not to any action of the valves. 
The undoubted fact that blood flows from a wounded coronary artery in 
jerks corresponding to the systole and not to the diastole, Brilcke meets 
with the observation that the coronary arteries must share just previous to 
the closure of the valves in that increased pressure in the aorta which is 
the cause of the closure of the valves, and that the higher pressure thus 
gained at the beginning of the systole is maintained during the systole by 
the obstruction to the outward flow arising from the contracting fibres 
compressing the small vessels; while the empty condition of the small 
branches of the coronary arteries and of the veins at the commencement of 
the diastole, must diminish the pressure in the main coronary arteries 
themselves during diastole, and so prevent a diastolic spurt from a wound in 
them. This however is hardly satisfactory, since as regards the systole, as 
has been urged above, an obstruction of the flow from compi'ession by the 
muscular fibres is at least doubtful, and as regards the diastole the sup- 
posed empty condition of the coronary vessels can produce an effect only at 
the very beginning of the diastole. On the other hand, Ceradini^ who 
observed the condition of the valves in an excised heart by looking down 
through a wide glass tube inserted into the aorta, is of opinion that during 
the systole the valves are not applied close to the arterial wall, but float in 
an intermediate position of equilibrium, maintained by reflux currents, 
their orifice taking on the form of an equilateral triangle with curved sides. 
The same reflux currents gradually (but of course rapidly) close the orifice 
aa the force of the systole diminishes, and the effect of the elastic rebound 
is simply to render the closure tense and firm. Thus, argues Ceradini, no 
regurgitation of fluid from the aorta into the ventricle at the end of the 
systole and the beginning of the diastole is possible, and a hurtful waste, 
which on Brtioke’s hypothesis seems unavoidable, averted. 

The pass^ of the hlood through the heart takes place as fol- 
lows. The li^t auricle during its diastole, by the relaxation of its 

1 Der Mechanimus der haUmondf^igen Herzklappen, Leipzig, 1872. 
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muscular fibres, and by the fact that all pressure from the ventricle 
is removed by the tension of the tricuspid valves, offers but little 
resistance to the ingress of blood from the veins* On the other 
hand, the blood in the trunks, both superior and inferior vena cava, is 
under a certain though low pressure, augmented in the case of the 
superior vena cava by gravity, and in consequence flows into the empty 
auricle. At each inspiration, this flow is favoured by the negative 
pressure in the heart and great vessels caused by the respiratory 
movements* Before this has gone on very long, the diastole of the 
ventricle begins, its cavity enlarges, the pressure in that cavity 
becomes nil or even negative, the flaps of the tricuspid valve fall 
back, and blood for some little time flows in an unbroken stream 
from the venae cavse into the ventricle. In a short time, however, 
before much blood has had time to enter the ventricle, the auricle is 
full, and forthwith its sharp sudden systole takes place* Partly by 
reason of the onward pressure in the veins, which increases rapidly 
from the heart towards the capillaries, partly from the presence of 
valves in the venous trunks and at the mouth of the inferior vena 
cava, but still more from the fact that the systole begins at the 
great veins themselves and spreads thence over the auricle, the 
force of the auricular contraction is spent in driving the blood, not 
back into the veins, but into the ventricle, where the pressure is still 
exceedingly low. 

Whether there is any backward flow at all into veins, or even an 
interruption to the forward flow, or whether by the progressive character 
of the systole the flow of blood continues, so to speak, to follow up the 
systole without break so that the stream from the veins into the auricle is 
really continuous, is at present doubtful ; though a slight positive wave of 
pressure synchronous with the auricular systole, travelling backward along 
the veins, has been observed at least in cases where the heart is beating 
vigorously. 

The ventricle thus being filled, the play of the tricuspid valves 
described above comes into action, the auricular systole is followed 
by that of the ventricle, and the pressure within the ventricle, cut off 
from the auricle by the tricuspid valves, is brought to bear entirely 
on the conus arteriosus and the pulmonary semilunar valves. As 
soon as by the rapidly increasing force of the ventricular contraction, 
the pressure within the ventricle becomes greater than that in the 
pulmonary artery, the semilunar valves open, and the still increasing 
systole discharges the contents of the ventricle into that vessel. But 
as the systole passes off, the pressure in the artery becomes greater 
than that in the cavity of the ventricle, and a rebound of the blood 
takes place. The first act of this rebound however is, as we have 
seen, firmly to close the semilunar valves, and thus to shut off the 
over-distended artery from the now empty, or nearly empty, ventricle. 

During the whole of this time the left side has with still greater 
energy been executing the same manoeuvre. At the same time that 
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the veD 80 cav8B are filling the right auricle, the pulmonary veins are 
filling the left auricle. At the same time that the right auricle 
is contracting, the left auricle is contracting too. The systole of 
the left ventricle is synchronous with that of the right ventricle, but 
executed with greater force ; and the flow of blood is guided on 
the left side by the mitral and aortic valves in the same way that 
it is on the right by the tricuspid valves and those of the pulmonary 
artery. 


The Sounds of the Heart 

When the ear is applied to the chest, either directly or by means 
of a stethoscope, two sounds are heard, the first a comparatively long 
(lull booming sound, the second a short sharp sudden one. Between 
the first and seconci sounds, the interval of time is very short, but 
between the second and the succeeding first sound there is a 
distinct pause. The sounds have been likened to the pronunciation 
of the syllables, lubb, ddp, so that the cardiac cycle as far as the 
sounds are concerned, might be represented by : — lubb, dup, pause. 
The relative duration of the sounds, and of the pause, as well as their 
relations in point of time to the changes taking place in the heart, 
aie shewn in the following diagram. Fig. 27. 



Fig. 27. Dugrammatic Eepeesentation op the Movements and Sounds op the 
Heart during a Cardiac Period. (After Dr Sharpey.) 

The ventricular systole, which is here used to denote the action of the ventricle up 
to the closure of the semilunar valves, is represented as occupying about 45 p c., and 
the two sounds together as rather more than halt, of the whole penod ; but the diagram 
18 intended to shew merely the general relations of the vanous events, and not to serve 
as a means of measurement. 

The second short sharp sound presents no difficulties. It is 
coincident in point of time with the closuie of the semilunar valves, 
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and is heard to the best advantage over the second right costal car- 
tilage close to its junction with the sternum, Le, at the point where 
the aortic arch comes nearest to the surface. Its characters are such 
as would belong to a sound generated by the sudden tension of valves 
like the semilunar valves. It is obscured and altered, replaced by 
‘murmurs’ when the semilunar valves are affected by disease, the 
alteration being most manifest to the ear at the above-mentioned 
spot when the aortic valves are affected. When the aortic valves 
are hooked up by means of a wire introduced down the arteries, the 
second sound is obliterated and replaced by a murmur. These facts 
prove that the second sound is due to the sudden tension of the 
aortic (and pulmonary) semilunar valves. 

The first sound, longer, duller, and of a more ‘booming* character 
than the second, heard with greatest distinctness at the spot where 
the cardiac impulse is felt, presents many difficulties in the way of a 
complete explanation. It is heard distinctly when the chest-walls 
are removed. The cardiac impulse therefore can have little or 
nothing to do with it. In point of time, and in the position in which 
it may be heard to the greatest advantage (at the spot of the cardiac 
impulse where the ventricles come nearest to the surface), it corre- 
sponds to the closure of the auriculo-ventricular valves. In point of 
character it is not such a sound as one would expect from the vibra- 
tion of membranous structures, but has, on the contrary, many of the 
characters of a muscular sound. In favour of its being a valvular 
sound, may be urged the fact that it is obscured, altered, replaced by 
murmurs, when the tricuspid or mitral valves are diseased; and 
Halford* found that clamping the great veins stopped the sound 
though the beat continued. On the other hand, Ludwig and DogieP 
heard the sound distinctly in a bloodless dog’s heart, in which there 
was no fluid to render the valves tense and set them vibrating. 
But there is a great difficulty in regarding it as a muscular sound, 
for a muscular sound is the result of a tetanic contraction, the height 
of the note produced varying with the number per second of the 
simple contractions which go to make up the tetanus. A simple 
contraction or spasm cannot possibly produce a musical sound, such 
as is the cardiac sound. The beat of the heart is a comparatively 
slow long-continued single spasm, and not a tetanic contraction. In 
its long latent period, and in all its characters, the heart’s beat bears 
the stamp of being a single spasm. If so it cannot give rise to a 
note. 

When the rheoscopic muscle-nerve preparation (p. 54) is placed over 
the heart, each beat of the heart (ventricle or auricle) is followed by a 
single spasm, not by tetanus, of the rheoscoj)ic muscle. By properly dis- 
posing the nerve of the preparation a contraction corresjx)nding to the 
systole of the auricle followed rapidly by a second corresponding to the 

^ Actim and Sounds of the Heart, London, 1860. 

- Ludwig’s ArbeiteUf Jahrg. 1868. 
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systole of the ventricle may be obtained, but in each case the contraction in 
ihe 1^ is simple and not tetanic. This result is consistent with the view 
that l£e systole is a simple spasm, but cannot be regarded as a proof that it 
is such. For it is not every tetanus in a muscle which will give a secondary 
tetanus in the rheoscopic muscle. When the tetanus in a muscle is induced 
by the ordinary interrupted current applied directly to the nerve of the 
muscle, the tetanus in the rheoscopic muscle appears without difficulty, but 
where the tetanus is produced by a constant current, the so-called breaking 
or making tetanus (p. 59), the rheoscopic muscle responds by a single 
(initial) spasm instead of a tetanus. The pronounced tetanus of stiychnia 
similarly gives rise to a simple initial spasm and not to a tetanus of the 
rheoscopic muscle, and the same feature is characteristic of the natural 
respiratory contractions of the diaphragm and probably of all voluntary 
contractions \ 

Moreover, in cases of hjrpertrophy, where the muscular element 
and action is increased, the sound, so far from being increased, is 
impaired. Hence, the first sound, whether it be regarded as the 
result of the vibration of the auriculo-ventricular valves, acted upon 
by, and in turn acting on, columns of blood, or as a muscular sound, 
presents great difficulties. No other cause, in the least satisfactory, 
has been suggested; and the difficulties are rather increased than 
met by supposing that the sound is at once both valvular and mus- 
cular in origin. 


The Work done. 

We can measure with exactness the intraventricular pressure, 
the length of each systole, and the number of times the systole is 
repeated in a given period, but perhaps the most important factor of 
all in the determination of the work of the vascular mechanism, 
the quantity ejected from the ventricle into the aorta at each systole, 
cannot be accurately determined ; we are obliged to fall back on 
calculations having many sources of error. The mean result of these 
calculations gives about 180 grms. (6 oz.) as the quantity of blood 
which is driven from each ventricle at each systole in a full-gi-own 
man of average size and weight. It is evident that exactly the same 
quantity must issue at a beat from each ventricle ; for if the right 
ventricle at each beat gave out rather less than the left, after a cer- 
tain number of beats the whole of the blood would be gathered in 
the systemic circulation. Similarly, if the left ventricle gave out 
less than the right, all the blood would soon be crowded into the 
lungs. The fact that the pressure in the right ventricle is so much 
less than that in the left (30 or 40 mm. as compared with 200 mm. 
of mercuiy), is due, not to differences in the quantity of blood in 
the cavities, but to the fact that the peripheral resistance which has 
to be overcome in the lungs is so much less than that in the rest of 
the body. 

1 Hering n. Friedrioh, Wien, Sitzmge-Berichte, Lxsn. (1875). 
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VariouB methods have been adopted for calculating the average amount 
of blood ejected at each ventricular systole. It has been calculated from 
the capacity of the recently removed and as yet not rigid ventricle, filled 
with blood under a pressure equal to the calculated average pressure in the 
ventricle. This method of course presupposes that the whole contents of 
the ventricle are ejected at each systole. Volkmann^ measured the sec- 
tional area of the aorta, and taking an average velocity of the blood in the 
aorta (a very uncertain datum), calculated the quantity of blood which must 
pass through the sectional area in a given time. The number of boats in 
that time then gave him the quantity flowing through the area and conse- 
quently ejected from the heart at each beat. The mean of many experi- 
ments on different animals came out *0025 p. c. of the body weight, which 
in a man of 75 kilos would be 187*5 grms. Vierordt measured the mean 
velocity and the sectional area in the carotid, and thence, from a measure- 
ment of the sectional area of the aorta, and from a calculation of the blood’s 
mean velocity in it, based on the supposition that the mean velocity in an 
artery was inversely as its sectional area, arrived at the quantity flowing 
through the aortic sectional area in a given time, and thus at the quantity 
passing at each beat. Both these calculations are vitiated by the fact that 
the variations of velocity in the aorta are so great, that any mean has 
really but little positive value. 

Fick* by means of calculations based partly on the data gained by 
observing the increase of the volume of the whole arm at each cardiac 
systole, arrived at results much less than either of the above. In one case 
he estimated the quantity ejected from the heart at each beat at 53 grm., 
and in a second case at 77 grm. 

It must be remembered that though it is of advantage to speak of 
an average quantity ejected at each stroke, it is more than probable 
that that quantity may vary within very wide limits. Taking, how- 
ever, 180 grms. as the quantity ejected at each stroke at a pressure of 
250 mm.® of mercury, which is equivalent to 3*21 metres of blood, 
this means that the left ventricle is capable at its systole of lifting 
180 grms. 3*21 m. high, it does 578 gram-metres of work at each 
beat. Supposing the heart to beat 72 times a minute, this would give 
for the day s work of the left ventricle, nearly 60,000 kilogram-metres ; 
calculating the work of the right ventricle at one-fourth that of the 
left, the work of the whole heart would amount to 75,000 kilogram- 
metres. A calculation of more practical value is the following. 
Taking the quantity of blood as of the body weight, the blood of 
a man weighing 76 kilos would be about 6,760 grms. If 180 grms. 
left the ventricle at each beat, a quantity equivalent to the whole 
blood would pass through the heart in 32 beats, i,e. in less than half 
a minute. 

^ Hdmodynamik, p. 206. 

* UntCTsuch, Physiol, Lah, Zilrich, Hoch^chulCt Hft. i. p. 61 (X8G9). 

^ A high estimate is purposely token Ixere. 


F. P. 
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Variations in the Hearts heat 

These are for the most part in reality vital phenomena, brought 
about by events depending on changes in the vital properties of some 
or other of the tissues of the body. It will be convenient, however, 
briefly to review them here, though the discussion of their causation 
must be deferred to its appropriate place. 

The frequency of the heart, i.e. the number of beats in any 
given time, may vary. The average rate of the human pulse or 
heart-beat is 72 a minute. It is quicker in children than in adults, 
but quickens again a little in advanced age. It is quicker in the 
adult female than in the adult male, in persons of short stature 
than in tall people. It is increased by exertion, and thus is quicker 
in a standing than in a sitting, and in a sitting than in a lying 
posture. It is quickened by meals, and while varying thus from time 
to time during the day, is on the whole quicker in the evening than 
in early morning. It is said to be on the whole quicker in summer 
than in winter. Even independently of muscular exertion it seems 
to be quickened by great altitudes. Its rate is profoundly influenced 
by mental conditions. 

The lengtll of the systole may vary, though as a general and 
broad rule it may be stated that a frequent differs from an infrequent 
pulse chiefly by the length of the diastole. I 

Bonders found the length of the systole as measured by the interval 
between the first and second sounds to be for ordinary pulses remarkably 
constant in diflierent persons, varying not more than from *327 to *301 sec,, 
and being therefore relatively to the whole cardiac period less in slow than 
in quick pulses. Garrod' deduces from a number of sphygmographic 
tracings the law, which Thureton* finds to hold good in pulses varying from 
42 to 128, that the length of interval between the commencement of the 
primary and that of the dicrotic rise in the curve of the radial pulse (and 
this he takes as a measurement of the cardiac systole, see the following 
section) is constant in different individuals for the same pulse-rate, and 
varies as the cube root of the pulse-rate ; but other observers have failed to 
verify his results, and the meaning of the interval in the pulse-curve is not 
•free from doubt. 

The force of the heat may vary ; the ventricular systole may be 
weak or strong. 

When the rate of beat is suddenly increased there is a tendency for the 
individual beats to be diminished in force, and on the other hand to be 
increased in force when the rate is diminished. But there is no necessary 
connection between rate and strength; both a frequent and an infrequent 
pulse may be either weak or strong. 

The character of the beat may vary ; the systole may be sudden 
and sharp, rapi^y reaching a maximum and rapidly declining, or 

^ Proc. Boy, Soc,^ Vol, 18, p. 861. • Joum, Anat, and Phys,^ x. p. 494. 
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slow and lengthened, reaching its maximum only after some time 
and declining very ^adually; the latter being the slow pulse {pulsm 
tardus) as distinguished from the infrequent pulse (pulsus rams). 
Thq pulse is also sometimes spoken of as being slapping, and some- 
times as heaving. 

The rhythm niay he intermittent or irregular. Thus in an inter- 
mittent pulse, a beat may he so to speak dropped — the hiatus 
occurring either regularly or irregularly. In an irregular rhythm 
succeeding beats may differ in length, force or character. 

Sec. 3. The Pulse. 

When the finger is placed on an artery, such as the radial, an 
intermittent pressure on the finger, coming and going with the beat 
of the heart, is felt. When a light lever such as that of the sphygmo- 
graph is placed on the artery, the lever is raised at each beat, tailing 
between. The pressure on the finger, and the raising of the lever, 
ai*e expressions of the expansion of the elastic artery, of the temporary 
additional distension which the artery undergoes at each systole of 
the ventricle. This intermittent expansion is called the pulse; it 
corresponds exactly to the intermittent outflow of blood from a 
severed artery, being present in the arteries only, and in a normal 
state of things, absent from the veins and capillaries. (The so-called 
venous pulse, which is something entirely different, will be considered 
subsequently.) The expansion is frequently visible to the eye, and 
in some cases, as where an artery has a bend, may cause a certain 
amount of locomotion of the vessel. 

All the more important phenomena of the pulse may be wit- 
nessed on an artificial scheme. 

If two lovers be placed on the arterial tubes of an artificial^ 
scheme, one near to the pump, and the other near to the peripheral 
resistance, with a considerable length of tubing between them, and 
both levers be made to write on a recording surl'ace, one immediately 
below the other, so that their curves can be more easily compared, 
the following facts may be observed, when the pump is set to work 
regularly. 

1. With each stroke of the pump, each lever (Fig. 28, 1, and II.) rises 
to a maximum, la, 2a, and then falls again, thus describing a curve, 
— the pulse-curve. This shews that the expansion of the tubing passes 
the point on which the lever rests in the form of a wave. At one mo- 
ment the lever is quiet : the tube beneath it is simply distended to the 
normal permanent amount indicative of the mean arterial pressure; at 
the next moment the pulse expansion roaches the lever, and the lever 

^ By this is simply meant a system of tubes, along wliich fluid can be driven by a 
pump worM at regrdar intervals. In the course of the tubes a (variable) resistance is 
introduced in imitation of the capillary resistance. The tubes on the proximal side of 
the resistance consequently represent arteries ; those on the distal side, veins. 

9—2 
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begins to rise, and continues to do so until the top of the wave 
reaches it, after which it falls again until it is once more at rest, the 
,wave having completely passed by. 

The rise of each lever is somewhat sudden, but the fall is more 
gradual, and is generally marked with some irregularities. The 
suddenness of the rise is due to the suddenness with which the 
sharp stroke of the pump expands the tube; the fall is more 
gradual because the elastic reaction of the walls, whereby the tube 
returns to its former condition after the expanding power of the 
pump has ceased, is gradual in its action. 

2. The size and form of each curve depends in part on the 
amount of pressure exerted by the levers on the tube. If the levers 
only just touch the tube in its expanded state, the rise in each will 
be insignificant. If on the other hand they bo pressed down too 
firmly, the tube beneath will not be able to expand as it otherwise 
would, and the rise of the levers will be proportionately diminished. 
There is a certain pressure, depending on the expansive power of 
the tubing, at which the tracings are best marked. 

3. If the points of the two levers be placed exactly one under 
the other on the recording surface, it is obvious that, the levers being 
alike except for thefi position on the tube, any difference in time 
between the movements of the two levers will be shewn by an in- 
terval between the beginnings of the curves they tescribe, if the re- 
cording surface be made to travel sufiSciently rapidly. 

If the movements of the two levers be thus compared, it will be 
seen that the far lever (Fig. 28, II.) commences later than the near 
one (Fig. 28, I.) ; the farther apart the two levers are, the greater is 
the interval in time between their curves. Compare the series I. to VI. 
(Fig. 28). This means that the wave of expansion, the pulse-wave, 
takes some time to travel along the tube. By exact measurement 
it would similarly be found that the rise of the near lover began 
some fraction of a second after the stroke of the pump. 

This travelling of the expansion-wave, or pulse-wave, must be 
carefully distinguished from the propagation of the shock given by 
the stroke of the pump. When a long glass (or other rigid) tube 
filled with water is smartly tapped at one end, the blow is im- 
mediately felt as a shock at the other end. The transmission of this 
shock, if carefully measured, would be found to be exceedingly rapid; 
compared with the pulse-wave now under consideration, it would 
be practically instantaneous. When fluid is driven by the strokes 
of a pump along a rigid tube, a similar shock, travelling equally 
rapidly, may be readily felt, and might be registered with a lever. 
When however the tube along which the fluid is being pumped is 
elastic, the force of the pump is so much taken up in expanding the 
tube, that the shock is reduced to very small dimensions. It be- 
comes so slight, that it makes no impression on su6h levers as are 
used to register the expansion-wave. 
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The velocity with which the pulse-wave travels depends chiefly 
on the amount of rigidity possessed by the tubing. The more 
extensible (with corresponding elastic reaction) the tube, the slower 
is the wave ; the more rigid the tube becomes, the faster the wave 
tra\fels. According to Bonders the size of the tube has no marked 
influence. According to Marey the initial velocity, the steepness of 



Fro. 28. Pulse-curves described by a series of sphygmogfaphic levers placed at in- 
tervals of 20 cm. from each other along an elastic tube into which fluid is forced by the 
sudden stroke of a pump. The pulse-wave is travelling from left to right, as indicated 
by the arrows over the primary (a) and secondary (6, c) pulse-waves. The dotted vertical 
lines drawn from the summit of the several primary waves to the tuning-fork curve below, 
each complete vibration of which occupies *he time to be measured, which 

is taken up by the wave in passing along 20 cm. of the tubing. ^ The waves a* are 
waves reflected from the closed distal end of the tubing; this is indicated by the 
direction of the arrows. It will be observed that in the more distant lever VI. the 
reflected wave, having but a slight distance to travel, becomes fused with the primary 
wave. (From Marey.) 
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the wave, has an influence on its rate of progress. In the human 
body the wave has been estimated to travel at a rate of 9 to 10 
metres (Weber 9*240 ; Garrod 9 — 10*8, or according to Landois 6 to 
6 metres) a second. It probably vai-ies very considerably. According 
to all observers the velocity of the wave in passing from the groin to 
the foot is greater than that in passing from the axilla to the wrist 
(6743 mm. against 5772). This is probably due to the fact that the 
femoral artery with its branches is more rigid than the axillary. 

Since with increase of mean tension, the arteries become more and 
more rigid, it would be expected that the velocity would increase with the 
mean tension. According to Weber it does not. 

4. When two curves taken at different distances from the pump 
are compared with each other, the far curve will be found to be 
shallower, with a less sudden rise, and with a more rounded summit 
than the near curve : compare 5 a with 1 cr, Fig. 28. In other words, 
the pulse-wave as it travels onward becomes diminished and flattened 
out. If a series of levers, otherwise alike, were placed at intervals 
on a piece of tubing sufficiently long to convert the intermittent 
stream into a continuous flow, the pulse-wave might be observed 
to gradually flatten out and grow less until it ceased to be visible. 

Care must be taken not to confound the progression of the pulse- 
wave with the progi'ession of the fluid itself. The pulse-wave 
travels over the moving blood somewhat as a rapid^ r moving natu- 
ral wave travels along a sluggishly flowing river, the velocity of 
the pulse-wave being 9 metres per sec., while that of the current 
of blood is not more than *5 metre per sec. even in the large 
arteries, and diminishes rapidly in the smaller ones. 

Taking the duration of the systole of the ventricle as of a 
second, it is evident that the pulse- wave started by any one systole, 
if it travels at 9 m. per sec., will before the end of the systole have 
reached a point, j\- of 9 m. = 3*6 m. distant from the ventricle. In 
other words, the wave-length of the pulse-wave is much longer than 
the whole of the arterial system, so that the beginning of each wave 
has become lost in the small arteries and capillaries some time before 
the end of it has finally left the ventricle. 

The general causation of the pulse may then be summed up some- 
what as follows. The systole of the ventricle drives a quantity of fluid 
into the already full aorta. The portion of the aorta next to the lieart 
expands to receive it, thus giving rise to the sudden upstroke of the 
pulse-curve. The systole over, the aortic walls, by virtue of their 
elasticity, tend to return to their former calibre, and the aortic valves 
being closed, this elastic force is spent in driving the blood onward. 
The elastic recoil being slower than the initial expansion, the down- 
stroke of the pulse-curve is more gradual than the upstroke. Of this 
portion of the aorta, which actually receives the blood ejected from the 
heart, the part immediately adjacent to the semilunar valves begins 
to expand first, and the expansion travels thence on to the end of 
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* SrHYQMOOEAPH TBACING PBOM THE AscENDiNa Aobta (Aneurismal dilatation). 

Amplified 40 times. 

In this and the succeeding pulse-curves, B indicates the predicrotic wave, C the 

dicrotic wave^. 

N.B. These curves are introduced to shew the general features of the pulse-curve 
in various arteries. Not being on the same scale or taken under the same circum- 
stances, they are not intended for careful comparison. 


h * Fbom cabotid abtebt of a healthy MAH (®t. 26), amplified 30 times. 


Fio. 29. c. Fig. 29. d. 



c. Fbom the badial abtery op the same pebsoh as 29. h. Pressure 4 oz. Ampli- 

fied 90 times, as are also the succeeding curves. 

(Where not otherwise indicated this is the amplification of all the pulse-curves.) 

d, Fbom badial abteby of a healthy mah less athletic than 29. c. Pressure 3 oz. 

Fig. 29. e. 



e. Fbom the dobsalis pedis op the same pebson as &. and c. Pressure 3 oz. 


Fig. 29. /. Fig. 29. g. 



/. Tracing op pulse fully dicrotic: predicrotic wave also shewn. Pressure 

3 oz, (? Typhoid Fever.) 

g. Pulse fully dicrotic, and dicrotic wave very large. Pressme 1 oz. (Typhoid 

Fever.) 

^ For this and the succeeding pulse-curves 1 am indebted to the great kindness of 
Dr Galabiu. 
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Fia. 29. K 


Fio. 29. h. 



h. Pulse with tbet laiwe predkjiiotio wave. 

minuria.) 



ft. Htpeedicbotio pulse, the dicbotic wave becoming lost on the succeeding 
BEAT. I^essuro J oz. After haemorrliage in typhoid fever. 


this portion. In the same way it travels on from this portion 
through all the succeeding portions of the arterial system. For 
the total expansion required to make room for the new quantity of 
blood cannot be provided by that portion alone of the aorta into 
which the blood is actually received ; it is supplied by the whole arte- 
rial system ; the old (juantity of blood which is reidaced by the new 
in this portion has to find room for itself in the rest of the arterial 
space. As the expansion travels onward, however, the increase of 
pressure which each portion transmits to the succeeding portion will 
be less than that which it received from the preceding portion, for the 
whole increase of pressure due to tlie systole of the ventricle has to 
be distributed over the whole of the arterial system, a d a fraction of 
it must therefore be left behind at each stage of its progress ; that is 
to say, the expansion is continually growing less, as the pulse travels 
from the heart to the capillaries; hence the diminished height of the 
pulse-curve in the more distant arteries, and its disappearance in the 
capillaries. 

Secondary Waves. In the natural pulse-curve the fundamental 
wave is seen to be marked by two or more secondary waves imposed 
upon it. These secondary waves vary much according to circum- 
stances, and are consequently of interest, as throwing light on the 
condition of the vascular system. 

In an artificial scheme, two kinds of secondary waves are seen. 

1. Waves of oscillation. When a moderate quantity of fluid is 
injected into the tube at each stroke, one, two, or more secondary 
waves are seen to follow the primary one. They are the more markea, 
the more sudden the stroke, the more extensible (and elastic) the 
tubing, and the less the pressure in it. When the pump is a pump 
without valves, they form a regular decreasing series, succeeding the 
primary wave, and travelling at the same velocity as it (Fig. 28, 1. II. 
III. hy c), but becoming sooner obliterated. 

These waves are due to the inertia of the elastic walls, and of the 
contained fluid, and so correspond to the secondary oscillations of the 
mercury in a manometer. If the tube be filled with air instead of 
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water, they are almost entirely absent. If mercury be employed 
instead of water, they become veiy conspicuous. 

When the quantity of fluid injected is large compared with tlie 
calibre of the tubing, the secondary waves may be seen on the 
descending line of the primary wave. 

2. Eeflected waves. When the tube of the artificial scheme 
bearing two levers is blocked just beyond the far lever, tlie primary 
wave is seen to be accompanied by a second wave, which at the far 
lever is seen close to, and often fused into, the primary wave (Fig. 28, 
VI. a'), but at the near lever is at some distance from it (Fig. 28, 1, 
a'), being the farther from it, the longer the interval between the 
lever and the block in the tube. Tliis second wave is evidently tlio 
primary wave reflected at the block and travelling backwards towards 
the pump. It thus of course passes the far lover before the near one. 
The secondary waves of oscillation may be similarly reflected. 

Of the secondary waves on the natural pulse-curve, two deserve 
special notice. 

The first and most important is the dicrotic wave occurring 
towards the end of the descent. This is always more or loss markecl 
in every pulse ; it may be witnessed in the aorta as well as in other 
arteries (Fig. 29, a to- e, C). Sometimes it is so slight as to bo hardly 
discernible. Sometimes it is so marked as to give rise to the ap- 
pearance of a double pulse, hence the name (Fig. 29, /, g, C). 

It is more pointed in the aorta, and in the larger arteries near to the 
heart, than in the more distant and smaller ones; its summit indeed 
rounds off more rapidly than docs that of the primary one. According to 
Garrod the iiit(‘rval between the j)rimary and dicrotic rises of the jmlse- 
enrve is the same, for any given p\ilso-rate, in the radijil, carotid and 
posterior tibial arteries, and is thei'cfore probably tlie same in all arteries. 
This would shew that the primary and secondary waves travel at the same 
rate, but Landois and others state that the interval is longer in the more 
distant arteries. 

The conditions which favour the development of the dicrotic 
wave arc chiefly : — (1) A sudden sharp ventricular systole. (2) Low 
tension. Hence dicrotism, not previously well marked, may bo 
brought on at once by diminution of the peripheral resistance by 
section of the vaso-motor nerves (see Sec. 5). (3) Extensibility (with 
elastic reaction) of the arterial walls. Hence dicrotism is not well 
seen in arteries rigid from disease. It may be well marked in one 
artery and yet very slight in another. 

Can we explain the dicrotic wave by shewing that it is citlier a 
wave of oscillation, or a reflected wave ? That the dicrotic wave is 
t^ot one reflected from the periphery is clearly shewn by the fact that 
its distance from the summit of the primary curve is either greater 
or at least is not regulariy less at points of the arteries nearer the 
capillaries than at points farther from them. This feature indeed 
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shews that the dicrotic wave cannot be in any way a retrograde wave. 
Again, the more the primary wave is obliterated by the elastic action 
of the arterial walls, the less should be the reflected wave. Hence 
dicrotism should diminish with increased extensibility and elastic 
reaction of the walls. The reverse is the case. Besides, the multi- 
tudinous peripheral division of the arterial system would render one 
large peripherally reflected wave impossible. 

On the other hand, all the conditions which favour dicrotism, also 
favour the occurrence of waves of oscillation. If Fig. 28 I. be com- 
pared with Fig. 29 c, the similarity between the wave of oscillation h 
in the one case and the dicrotic wave C in the other is very striking. 
And we shall probably not go far wrong if we regard the dicrotic 
wave as in the main a wave of oscillation. There is however evidence 
that it is not a simple wave of oscillation but one of mixed character, 
the movement of oscillation being reinforced by a wave of expansion 
arising from the closure of the aortic valves. 

It has been questioned whether waves of oscillation, so manifest in an 
artificial sclieme, do occur to any extent in the arteries of the body, sur- 
rounded as these are by tissues which it is argued must tend to act as 
dampers towards any oscillations due to inertia. But there is no positive 
evidence of the existence of any such marked damping action, and the 
remarkable similarity between the tracings obtained by means of exposed 
tubes and those gi>en by arteries in situ is sufficient evidence that in this 
respect tlie two behave alike. 

That however the dicrotic wave is not simply duo to the inertia of the 
vessels but mixed in character, is shewn by its peculiar features. In simple 
waves of oscillation, such as those shewn in Fig. 28 I. the fimt wave of 
oscillation is the largest, the succeeding ones diminishing in size. Now the 
dicrotic wave, tliough undoubtedly the most prominent and in many cases 
the only observable secondary wave, is not the first secondary wave. It is 
frequently preceded by the so-called ‘ predicrotic ^ wave, which, sometimes 
(Fig. 29 h) of considerable size, is probably also a wave of oscillation. If 
both these are waves of oscillation, there must be causes at work tending 
to diminish the first (predicrotic) or to exaggerate the second (dicrotic). 
And there is an event which readily suggests itself as likely to reinforce tho 
later occurring wave of oscillation, viz. the closure of the aortic valves. 
At the close of the ventricular systole the pressure in the aorta becomes 
higher than that in the ventricle itself, and the blood in consequence tends 
to flow back towards the ventricle. Thus the pressure in the aoi-ta having 
reached its maximum begins to fall by reason of the backward as well as of 
the forward flow of the blood. But the closure of the semilunar valves 
gives a check to this fall. A new wave of expansion starting from the 
valves is projjagated along the aoi*ta and great arteries in sequence to the 
main primary wave. If we suppose this wave, due to the closure of the 
aortic valves, to coincide with a wave of oscillation, the prominence of the 
latter as the dicrotic wave becomes intelligible. Tliis view is supported by 
the fact that insufficiency in the working of the semilunar valves, the so- 
called aortic regurgitation^ materially interferes with the development of the 
dicrotic wave. That the wave in question should wholly disappear under 
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these circumstances, is not to be expected, seeing on the one hand that it is 
partly a wave of oscillation, and on the other that the valves need not be 
perfectly closed in order that a secondary wave of expansion may be started 
at the end of the systole. Such a wave would be originated by any obstacle 
to the return of blood into the ventricle, and such an obstacle must exist with 
even the most imperfect valves, or otherwise the circulation would soon 
come to an end. (lan’od*, arranging a cardiograph registering the cardiac 
impulse and a sphygmograph registering the radial pulse in such a way 
that they both wrote on the same recording surface, came to the conclusion 
that the commencement of the dicrotic rise in the latter corresponded to 
the point in the former which has been interpreted (Fig. 22, c ^ as in~ 
dicating the closure of the aoitic valves. This is of course in favour of 
the view given above. 

Dr Burdon Sanderson however denies that the aoriic valves act as 
above explained in producing the dicrotic wave, basing his opinion on the 
grounds : 1st, That not only may the dicrotic wave be produced, but that a 
tracing j)resentmg all the graphical characters of the radial pulse tmeing 
may be obtained, on an artificial scheme in the absence of any valves cor- 
re8|>onding to the aoriic valves ; 2nd, That the form of a tracing taken at 
any point of an artificial scheme may be modified at pleasure, and any 
natural jmlse tracing imitated by introducing changes into the distal portion 
of the scheme while the portion corresponding to the heni’t remains abso- 
lutely the same. The view he takes is somewhat as follows. If A bo a 
point in the arterial system and E \x more distal point, the maximum ex]>an- 
sion of B will take place somewhat later than the maximum expansion of 
A ; when B is at its maximum of exi)ansion, A will bo already declining. 
As the elastic reaction of B sets in it exerts a prossuio not only forwards 
but backwards, so that the decline of exj)ansion in B may be regarded as 
giving rise to a wave of expansion travelling forwards, and to a wave of 
expansion travelling backwards, the latter reaching A during the decline of 
expansion at that point, and tliercTore giving rise in to a secondary 
expansion. This secondary expansion due to the action of the artery at 
the single point B is of course small ; but what is true of B is also tnie of 
all the j)oints distal to A, Consequently tlie artery at the point A is, during 
the decline of its primary expansion, subject to a secondary expansion 
caused by the elastic reaction of all the arteries in fi*ont of, i.e. mon^ distal 
than, itself. The dicrotic wave at any given jroint is in fact a secondary 
exj)ansion brought about by the combined elastic reaction of the more distal 
])oi*tions of the system. 

The other secondary wave worthy of notice, the so-called predi- 
erotic wave, Fig. 29, h, B, is much more variable tliau the dicrotic. 
Its mode of origin is obscure, but it is probably a wave of oscillation. 

Sometimes, though mrely, the dicrotic wave is followed by still another 
wave, which seems to be simply a wave of oscillation. The pulse is tJien 
said to be * tricrotic.' 

In some instances the predicrotic wave appears to be broken into two, 
and it becomes often very difficult to distinguish those secondary waves of 
the pulse-curve which are really due to events taking jdace in the artery 


^ Proc, Boy. Soc, xix, p. 318. 
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from those which have their ongin (through inertia in the spring, &c.) 
in the instrument itself'. It is worthy of notice that the summit of the 
curve of intra-ventricular pressure, Fig. 25, LY, is also marked by one or 
more secondary waves, bearing a considerable resemblance to the predicro- 
tic wave. In the curves obtained by Landois®, by allowing the blood from 
the end of a divided artery to spurt out on to a recording surface, there is 
no trace of a predicrotic wave though the dicrotic wave is exceedingly well 
marked. 

The pulse then is the expression of two sets of conditions : one 
pertaining to the heart, and the other to the arterial system. The 
arterial conditions remaining the same, the characters of the pulse 
may be modified by changes taking place in the beat of the heart ; 
and again, the beat of the heart remaining the same, the pulse may 
be modified by changes taking place in the arterial walls. Hence 
the diagnostic value of the pulse-characters. It must however be 
remembered that arterial changes may be accompanied by com- 
pensating cardiac changes, to such an extent, that the same features 
of the pulse may obtain under totally diverse conditions, provided 
that these conditions affect both factors in compensating directions. 


IL The Vital Phenoiena of the Circulation. 

So far the facts with which we have had to dc il, with the ex- 
ception of the heart’s beat itself, have been simply physical facts. All 
the essential phenomena which we have studied may bo rcj)roduccd 
on a dead model. Such an unvarying mechanical vascular system 
would however be useless to a living b^ody whose actions were at all 
complicated. The prominent feature of a living mechanism is the 
power of adapting itself to changes in its internal and external circum- 
stances. In such a system as we have sketched above there would be 
but scanty power of adaptation. The well-constructed machine might 
work with beautiful regularity ; but its regularity would be its de- 
struction, The same quantity of blood would always flow in the 
same steady stream through each and every tissue and organ, irre- 
spective of local and general wants. The brain and the stomach, 
whether at work and needing much, or at rest and needing little, 
would receive their ration of blood, allotted with a pernicious 
monotony. Just the same amount of blood would pass through the 
skin on the hottest as on the coldest day. The canon of the life of 
every part of the whole period of its existence would be furnished 
by the inborn diameter of its blood-vessels, and by the unvarying 
motive power of the heart. 

Such a rigid system however does not exist in actual living 
beings. The vascular mechanism in all animals which possess one 

1 Compare Dr Golabin, Joum. of Anat. and Phys, Vol. vm. p. 1, also VoL x. p. 297. 

* Rfluger’s Archiv^ ix. (1874) 71. 
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is capable of local and general modifications, adapting it to local 
and general changes of circumstances. These modifications fall into 
two great classes : 

•1. Changes in the heart’s beat. These, being central, have of 
course a general effect, 

2. Changes in the peripheral resistance, due to variations in the 
calibre of the minute arteries, brought about by the agency of their 
contractile muscular coats. These changes may be either local or 
general. 

To these may be added as subsidiary modifying events : 

3. Changes in the peripheral resistance of the capillaries due to 
influences arising out of the as yet obscure relations existing between 
the blood within and the tissue without the thin permeable capillary 
walls, and depending on the vital conditions of the one or of the 
other. Such changes causing an increase of peripheral resistance are 
seen to a marked degree in inflammation. 

4. Changes in the quantity of blood in circulation. 

The two first and chief classes of events (and probably the third) 
are directly under the dominion of the nervous system. It is by 
means of the nervous system that the heart’s beat and the calibre of 
the minute arteries arc brought into relation with each other, and 
with almost every part of the body. It is by means of the nervous 
system acting either on the heart, or on the small arteries, or on both, 
that a change of circumstances affecting either the whole or a part of 
the body is met by compensating or regulative changes in the flow of 
blood. It is by means of the nervous system that an organ has a 
more full supply of blood when at work than when at rest, tliat the 
stream of blood through the skin rises and ebbs with the rise and 
fall of the temperature of the air, that the work of the heart is tem- 
pered to meet the strain of overfull arteries, and that the arterial 
gates open and shut as the force of the central pump waxes and 
wanes. Each of these vital factors of the circulation must therefore 
be considered in connection with those parts of the nervous system 
which are concerned in their action. 


Sec. 4. Changes in the Beat of the Heart. 

We have already discussed the more purely mechanical pheno- 
mena of the heart. Wc have therefore in the present section only to 
inquire into the nature and working of the mechanism by which the 
beat of the heart is maintained, varied, and regulated. 

When a frog’s ventricle which has ceased to beat spontaneously 
is stimulated by touching it with a blunt needle, a beat is frequently 
called forth; this artificial beat differs in no obvious characters from 
a natural beat. The latent period of such an artificial beat is re- 
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markably long, the length varying within very wide limits. Thus 
the cardiac contraction is more like that of an unstriated than of a 
striated muscle. The beat is in fact a modified or peculiar form of 
peristaltic contraction. In the hearts of some animals, the ventricle 
forms a straight tube ; and in these the peristaltic character of *the 
beat is obvious; but in a twisted tube like that of the vertebrate 
ventricle, ordinary peristalsis would be impotent to drive the blood 
onward, and is accordingly so far modified that the peristaltic cliarac- 
ter of the beat is recognised only when the action of the heart be- 
comes slow and feeble. 

One great feature of the cardiac beat produced by artificial stimulation 
is seen in the absence of any relationship between the strength of the 
stimulus employed to produce a beat and the amount of contraction evoked. 
The beat with which a heart responds to a stimulus, e.g. a single induction 
shock, is, if there be any response at all, equally large when a feeble as 
when a strong stimulus is used, though the strength of the beat evoked 
either by a strong or a weak stimulus may vary very considerably within 
even a very short period of time. 

When a second induction shock is sent in at a certain interval after 
a first, the beat duo to the second shock is often larger than the first, the 
beneficial effects of a contraction (see p. 77) being even still more manifest 
in the heart than in an ordinary skeletal muscle. Frequently by successive 
shocks of equal intensity a ‘staircase^ of beats of successively increasing 
amplitude may be produced. 

When a second induction shock follows upon the first rapidly, it 
is apparently without effect; no second beat is produced. So also when 
a series of rapidly repeated induction shocks are sent in, a certain number 
of them are thus ‘ineffectual;’ the application of the ordinary interrupted 
current gives rise not to a tetanus but to a rhythmic series of beats. The 
‘ refractory period,’ which is so brief in the skeletal muscle (see p. 69), is 
very prolonged in the cardiac muscle. So also in a spontaneously beating 
heart, induction shocks sent in at a certain phase of a cardiac cycle, e.g. the 
commencement of the systole, are ineffectual, though they produce forced 
beats when sent in at the other phases of the cycle*. 

Nervous mechanism of the Beat. The beat of the heart is an 
automatic action ; the muscular contractions which constitute the beat 
are caused by impulses which arise spontaneously in the heart itself. 
This cannot be proved in the case of the warm-blooded vertebrates, 
for the hearts of these cease to beat very soon after removal from the 
body ; but there is no reason whatever against, and every reason for, 
thinking that the heart of a mammal or of a bird is in its funda- 
mental working exactly like that of a frog or of a turtle. We shall 
therefore take for granted that the principal laws of the heart’s beat, 
which are shewn by the frog’s heart, also hold good for those of 
higher animals. 

The heart of a frog (or of a turtle or fish, &c.) will continue 

' Of. Bowditcb, Ludwig's Arheiten, 1871; and Marey, Travmix du LahoraU n. 
(1876), p. 63. 
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to beat for hours, or under favourable circumstances for days, after 
removal from the body. The beat goes on even after the cavities 
have been cleared of blood, and indeed when they arc almost empty 
of all fluid. The beats are more vigorous, and last longer, when tho 
hecfrt is removed by incisions which leave the sinus venosiis still 
attached to the auricles. The excised heart does however, though 
not so readily, continue to beat spontaneously when removed by an 
incision carried through the auricles so that a portion of the auricles 
together with the sinus venosus is left behind in the body. In 
this case the parts left behind are seen also to go on beating by 
themselves. 

If in an excised heart the ventricle be divided from the auricles, 
both ventricle and auricle will go on beating. Each moiety has then 
an independent rhythm. If the spontaneously-beating auricle be 
bisected longitudinally, each lateral half will go on beating spon- 
taneously. Each lateral half maybe still further divided, and yet the 
pieces will under favourable circuiUstanccs go on pulsating. The 
ventricle will go on beating when biseoted longitudinally; but if it be 
cut across transversely, the lower half remains motionless, while the 
upper goes on pulsating. The power of spontaneous pulsation is 
limited to the extreme base, for if the transverse incision be carried 
only at a little distance from the auriculo-ventricular groove all power 
of spontaneous pulsation is lost in the lower part. When these several 
parts of tho heart are examined, it is found that in all of those which 
beat spontaneously ganglia are present, while from the ventricle 
except at the extreme base ganglia are absent. There are ganglia in 
the sinus, ganglia in the auricular septum and walls, ganglia in tho 
auriculo-ventricular groove, but none have been found in the mass 
of the ventricle itself. From these facts the conclusion is drawn that 
the spontaneous pidsations in the heart are in some way associated 
with, and due to the action of, the ganglia scattered in its substance. 
Of these ganglia those in tho sinus seem more potent than those 
in other parts of the heart. 

The exact manner in which these ganglia act is still obscure. Though 
the portion comprising the lower two-thirds of the ventricle remains after 
separation from the basal third permanently quiescent, it may be thrown into 
rhythmic contractions, indistinguishable in their character from normal beats, 
by the application of the constant current. It will also give apparently 
spontaneous rhythmic beats, when supplied, according to the Leipzig method, 
with rabbit’s serum or dilute rabbit’s bloods For this purpose^, a tube, com- 
pletely divided by a longitudinal partition into two canals, is introduced into 
the cavity of the ventricle, and the latter securely ligatured round the tube 
at tho junction of the upper and middle thirds. Fluid introduced through 
one canal at a low pressure distends the ventricle, and when a beat takes 
place, is driven out through the other canal. Fed in this way with rabbit’s 
serum or blood, almost any part of the ventricle may be made after a period 

^ Menmowicz, Ludwi^^'s Arheiten^ 1875, p. 132. Compare however Bemstoiiii 
Centralbt. /. Med. WUs. 1876, 885, 436. 
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of rest to execute what are apparently spontaneous rhythmic pulsations. 
If it be urged that the serum or blood is a stimulus which provokes con- 
tractions, there still remains the difficulty, why the continued stimulus 
produces not a continued contraction, but a rhythmic pulsation. Moreover, 
in the case of the rhythmic beats evoked by the constant current, the^cur- 
rent cannot during its passage be regarded as a stimulus in the ordinary 
sense of the word. 

Inllibitioil of the Beat* The heat of the heart may he stopped 
or checked, i.c. may be inhibited by efierent impulses descending 
the vagus nerve. 

If while the beats of the heart of a frog or rabbit are being care- 
fully registered (Fig. 30) an interrupted current of moderate strength 


Z n 



Fig. 80. Inhibition or Feoo's IIeabt by stimulation of ths Vagus. 

The contractions of the ventricle are registered hy means of a simple lever, so that 
each rise of tho lover corresponds to a beat. The interrujited current was thrown in at 
a, and shut off at &. It will bo seen that one boat occurred after a, and that the pause 
continued for some time after b. To be read from right to left. 

be sent through one of the vagi, the heart is seen to stop beating. 
It remains for a time in diastole, perfectly motionless and flaccid. 
If the duration of the current be short and the strength of the 
current great, the standstill may continue after the current has been 
shut off; the beats when tlicy reappear are generally at first feeble 
and infrequent, but soon reach or even go beyond their previous 
vigour and frequency. Czennak, by pressing his vagus against a 
small osseous tumour in his neck, and thus meclianically stimulating 
the nerve, was able to stop at will the beating of his own heart ; it 
need hardly be added that such an experiment is a dangerous one. 

The effect is not produced instantaneously; if on the curve the 
point be exactly marked as at a (Fig. 30) where the current is 
made, it will frequently be found that one beat at least occurs after 
the current has passed into the nerve. In other words, the inhibitory 
action of the vagus has a long latent period ; this has been estimated 
by Bonders to last in the rabbit ’16 sec. The inhibitory effect is at a 
maximum soon after the moment of ^plication of the current, and 
diminishes gradually onward. The effect, especially with weak cur- 
rents, is much more in the direction of prolonging the diastole, than 
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of diminishing the extent of the systole. Hence with weak currents, 
no actual stoppage takes place, but the pauses between the beats are 
much prolonged, especially at the beginning of the action of the cur- 
rent, and the pulse thereby rendered slow. If the application of the 
current for a time be soon followed by a second application of the 
same current, the etfects are very markedly less. This is due not to 
exhaustion of the vagus fibres but to something which has taken 
place in the heart, possibly in the ganglia, for a stimulation, say of 
the left vagus, immediately following that of the right vagus, is 
equally diminished in effect. During the standstill, direct stimu- 
lation of the heart, as by touching the auricle or ventricle, will pro- 
duce a single beat; though spontaneous pulsations are absent, the 
irritability of the muscular fibres is not destroyed. 

The stimulus need not be an interrupted current; mechanical 
and chemical stimulation of the vagus also produces inhibition, 
though less readily. 

After atropin, even in a minute dose, has been injected into the 
blood, stimulation of the vagus even with the most powerful currents 
produces no inhibition whatever. The heart continues to beat as it* 
nothing were happening; atropin in some way or other does away 
with the normal inhibitory action of the vagus. 

The above facts shew that the events wliich are at the bottom of vagus 
inhibition are complex. The following considerations render this still 
more evident. 

A single-induction shock rarely producers an effect which can bo mea- 
sured ; but a series of shocks repeated at intervals (the interval may be 
equal to or even greater than the length of a whole cardiac cycle) pro- 
duces very marked inhibition. 

The stimulus may be applied at any part of the course of either vagus 
(though it frequently happens in the frog that one vagus is more efficient 
than the other) ; but jHirhaps the most marked effects are produced, when 
the electrodes are placed on the boundary-line between the sinus venosus 
and the auricles. 

In slight urari poisoning, the inhibitory action of the vagus is still 
present ; in the profounder stages it disappears, but even then inhibition 
may be obtained by applying the electrodes to the sinus. 

In order to explain this result it has been supposed that the inhibitory 
fibres of the vagus terminate in an inhibitory mechanism (jnobably gan- 
glionic in nature), seated in the heart itself^ and that the urari, while in 
large doses it may paralyse the terminal fibres of the vagus, leaves this inhi- 
bitory mechanism intact and capable of being thrown into activity by a 
stimulus applied directly to the sinus. After atropin has been given, 
inhibition cannot be brought by stimulation either of the vagus fibres or of 
the sinus, or indeed of any part of the heart. Hence it is inferred that 
atropin, unlike urari, paralyses this intrinsic inhibitory mechanism itself. 

After the application of muscarin or jaborandi, the lieart sto]>s beating, 
and remains in diastole in perfect standstill. Its aj)pearanco is then 
exactly that of a heart inhibited by profound and lasting vagus stimulation. 
This effect is not hindered by urari. The a]>]>lication however of a small 

F. P. 10 
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(lose of atropin at once restores the beat. These facts are intei^reted as 
meaning that muscarin (or jaboi'andi) stimulates or excites the inhibitory 
apparatus spoken of above, which atropin paralyses or places Jwra de 
combat It is doubtful whether the standstill produced by muscarin after 
it has been put on one side by atropin, can be brought back again by 
further doses of muscarin. In the case of jaborandi it can. When jal^o- 
randi is (jarefully applied to the ventricle externally, the ventricle may be 
brought to a standstill, while the auricles continue to go on beating as 
usual ^ 

Nicotin, when given, iirst slows the heart even to a standstill \ but after 
a while the be^ts recover their usual rhythm. Stimulation of the vagus is 
then found to have no effect; muscarin however at once prepuces 
a standstill, which in turn may be removed by atropin. The initial 
slowing effect is absent if atrojun or urari be previously given. These 
facts are interpreted as slu'wiiig that nicotin first excites the terminal 
fibres of the vagus, producing inhibitory effects, but that this excitement 
ends in an exhaustion of these fibres. The action of the drug however is 
limited to the tenninal fibres of the vagus, and does not bear on the in- 
trinsic inhibitory appamtiis, with which these fibres are connected ; hence 
while, after nicotin ])oisoning, stimulation of tlie trunk of the vagus is 
ineffectual, a small dose of muscarin, which acts directly on the apparatus 
itself, produces standstill. 

If a ligature be drawn tightly round the junction of the sinus venosus 
with the auricles, oi if the auricles be sepamted from tlie sinus by an 
incision carried along the boundary-lino between the two, a standstill is 
produced closely resembling vagus inhibition, and, still lore, muscarin 
standstill. The quiescence thus induced may last an indefinite time. 
This experiment we owe to Htannius*. During the standstill, there is a 
great tendency for the ventricle to beat before the auricles, when a pulsa- 
tion is induced by a stimulus applied directly to the heart ; and when the 
ventricle is separated by an incision from the auricles, the former will 
recommence beating, while the latter remain as quiescent as before. 

Two interi)retations have been offered of this standstill. It has been 
suggested that the ligature or section stimulates the endings of the vagus, 
and so produces inhibition. This is disproved by the fact that the standstill 
appears equally well, wli other atropin have been previously given or not. 
According to the other view, the really automatic movements of the heart 
depend on the ganglia in the sinus, the pulsations which appear in the 
isolated ventricle or auricles being in imlity reflex pulsations, or pulsations 
caused by some stimulus not really automatic, and therefore not so lasting ; 
or, if there bo an automatic apparatus in ventricle or auricle, it is kept in 
check by the action of the inhibitory apparatus spoken of above, and only 
makes its presence felt on some stimulus being applied. This view again 
is disproved by the fact that if the sinus be gradually separated from 
the auricles, no standstill takes place. The whole subject needs further 
elucidation. 

Reflex Inhibition. This inhibitory action of the vagus may be 
brought about by reflex action. If the abdomen of a frog be laid 
bare, and the intestine be struck sharply, as with the handle of a 

1 Langley, Joum, Amt, x. (1875) 187, » Muller’s Archiv^ 1852, p. 85. 
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scalpel, the heart will stand still in diastole with all the phenomena 
of vagus inhibition. If the nervi mesenterici or the connections of 
these nerves with the sympathetic chain be stimulated with the 
interrupted current, cardiac inhibition is similarly produced. If in 
thfese two experiments both vagi are divided, or the medulla oblongata 
destroyed, inhibition is not produced, however much either the intes- 
tine or the mesenteric nerves be stimulated. This shews that the 
phenomena are caused by impulses ascending along the mesenteric 
nerves to the medulla, and so affecting a portion of that organ as to 
give rise by reflex action to impulses which descend the vagi as 
inhibitory impulses. The portion of the medulla thus mediating be- 
tween the afferent and efferent impulses may be spoken of as the 
cardio-inhibitory centre. 

If the peritoneal surface of the intestine bo inflamed, very gentle 
stimulation of the inflamed surface will produce marked inhibition; 
and in general the alimentary tract seems in closer connection witli 
the cardio-inhibitoiy centre than other parts of the body; but appa- 
rently stimuli if sufficiently powerful will through reflex action pro- 
duce inhibition from whatever part of the body they may come. 
Thus crushing a frog’s foot will stop the heart. In ourselves the 
fainting from emotion or from severe pain is the result of a reflex 
inhibition of the heart, the afferent impulses in the one case at least, 
and probably in both cases, reaching the medulla from the brain. 

Direct stimulation of the centre itself, such as occurs during the 
destruction of or results from injury to the medulla, of course pro- 
duces inhibition. 

Thus by nervous links, the regulative action of the in})ibitory 
mechanism is brought into more or less close communion with all 
parts of the body. 

The question naturally arises, Has this cardio-inhibitory centre any 
automatic action? 

In the dog, and also, though to a far less ext(‘ut, in the rah})it, section 
of both vagi is followed by a quickening of the heart’s beat. This r(*sult 
may be interpreted as shewing that the centre in the medulla exercises a 
permanent restraining influence on the heart; that organ in fact being 
habitually curbed up, (The argument that the effects of an artificial 
stimulation of the vagus soon wear off, and that therefore a permanent 
stimulation of the vagi, leading to permanent inhibitory action, would bo 
impossible, may be met by the suggestion that the effects of natural stimu- 
lation need not necessarily wear off.) If howev(*r, 2)revious to the section 
of the vagi, afferent impulses to the centre in the medulla arc cut off by 
the section of the spinal cord below the medulla, and by division of tlie 
cervical sympathetic chain, no acceleration follows the division of the vagi. 
This would show that the action of the medulla in this matter is purely 
reflex, and not automatia Such an experiment, however, introduces 
many sources of error; Md perhaps, the question itself is at bottom a 
barren one. Granting, however, the existence of a centre in the medulla, 
which either automatically or otherwise is in permanent action, it is 
obviously open to us to speak of reflex inhibition as being brought about by 

10—2 
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influences which augment the action of that centre. But we have seen 
that active nervous centres are subject, not only to augmentative, but also 
to inhibitory influences. Hence the cardio-inhibitory centre might itself 
be inhibited by impulses reaching it from various quarters. In other 
words, the beat of heart might be quickened by a lessening of the normal 
action of its inhibitory centre in the medulla. It is in fact probable, that 
many cases of quickening of the heart’s beat are produced in this way; 
though the matter requires further investigation, 

Accelflrator nerves. The heart’s beat may in the mammal be quick- 
ened, even after division of both vagi, by direct stimulation of the cervical 
spinal cord. The effects produced, however, are veiy complex, and led, on 
their first being made known, to much discussion, one outcome of which 
was the discovery of certain nerves of a very peculiar character, which pass 
from the cervical spinal cord, frequently along the nerve accompanying the 
vertebral artery, and reach the heart through the last cervical and first 
thoracic ganglia; these have been called the ‘accelerator nerves.* Their 



Tio. 31. The last cervical and first thoracic ganglia in the rabbit. (Left side.) 

(Somewhat diagrammatic, many of the various branches being omitted.) 

Track. Trachea, ca. carotid artery, sb, subclavian artery, n. Vag. the vagus 
trunk, n. rec, the recurrent laryngeal, the cervical sympathetic nerve ending 

in the inferior cervical ganglion, gl. cerv. inf. Two roots of the ganglion are shewn, 
rad, the lower of the two accompanying the vertebral artery. A, vert, being the 
one generidly possessing accelerator properties, gl. thor. pr, the first thoraoio ganglion. 
Its two branches communicating with the cervical ganglion surround the subclavian 
ai’tery forming the annulus of Yieussens. gym. thor. the thoracic sympathetic chain. 
n. dep. depressor nerve. This is joined in its course by a branch from the lower 
cervical ganglion, there being a small ganglion at their junction, from which proceed 
nerves to form a plexus over the arch of the aorta. It is this branch from the lower 
cervical ganglion which possesses accelerator properties—hence the course of the 
accelerator fibres is indioated in the figure by the arrows. 
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course is diffareut in tbe rabbit and in the dog, see Figs. 31 and 32, and 
indeed varies even in the same kind of animal. Stimulation of these nerves 
with the interrupted current^ causes a quickening of the heart's beat, in 
which, what is gained in rate is lost in force, for the blood-pressure is not 
necessarily increased, but may remain the same, or even be diminished. The 
latent period of the action of these nerves may be enormously long, amount- 
ing to as much as 10 seconds. The effect is therefore a very appreciable 
time in making its appearance ; rising gradually to a maximum, it after a 
while slowly declines. The effects require for their production very strong 
currents ; and it is a very remarkable feature of these nerves (in cats at 
least), that absolute exhaustion is with difficulty produced in them'. They 
seem* to be unaffected by the various poisons wMch act upon the vagus and 
other parts of the nervous system of the heart, and are effective in the 
midst of profound asphyxia. Their influence is closely dependent on 
temperature j at low temperatures their influence is slight, and long in 



Fia. 32 . The last cervical and first thoracic ganglia in the dog. 

The cardiac nerves of the Dog. The figure is largely diagrammatic, and represeuts 
the left side, 

V. sym, the united vagus and cervical sympathetic nerves, yh cerv. i, the 
inferior cervical ganglion, n, v, the continuation of the trunk of the vagiis. 
ann. V. the two branches forming the annulus of Vieussens round the su^lavian 
artery, art. subcL, and joining yl. th. pr., the first thoracic or stellate gangUon (the 
branch running in front of the artery is considered by Schmiedeberg to be an especial 
channel of accelerator fibres), sym. thorac. the sympathetic trunk in the thor^. 
r. vert, communicating branches from the cervical nerves running alongside the 
vertebral artery, the rami vertebrales. n, rec. the recurrent laryngeal, w. c. car^ao 
branches from the lower cervical ganglion, accelerator nerves of Schmiedeberg. n c , 
cardiac branches from the first thoracic ganglion, accelerator nerves of Cyon. w c . 
cardiac branch from recurrent nerve, r, rec. branch from lower cervical ganglion to 
the recurrent nerve, often containing accelerator fibres. 

1 Boehm. ArchivJ. Exp. Path. iv. (1875) 255. 

• Schmiedeberg, Ludwig’s Arftcttm, 1871. 



150 


ACCELERATOR NERVES. 


[Book t 


making its appearance ; as the temperature rises their ^tion becomes more 
and more powerfuL They are not to be considered as antagonistic to the 
vagi; for if during maximum stimulation of the accelerator nerves the 
vagus be stimulated, even with minimum currents, inhibition is produced 
wiUi the same readiness as if these were not acting^ The period of In- 
hibition however is followed by a period of acceleration similar to that pro- 
duced by the action of the accelerator alone, the vagus action apjiearing 
simply to prevent, during its continuance, the manifestation of the ac- 
celerator action but not otherwise to modify it. We know at present little 
concerning the share which these nerves take in the natural actions of the 
economy. If, as later researches of Baxt would seem to shew, tlieir acceler- 
ating effect is characterized by an actual shortening of the cardiac systole, 
it is obvious that the quickening of the heart’s beat produced by their 
action is something quite different from the quickening indirectly brought 
about by a diminution of the activity of the cardio-inhibitory centre. 

The beat of the heart then may be modified, and so adapted to 
the needs of the body, by means of the vagi nerves and the general 
nervous system of the body. It is however also affected by influences 
brought to bear directly on the heart itself. Thus chemical changes 
in the blood, as seen for instance in the action of the poisons discussed 
above, profoundly affect the beat of the heart. When the heart by 
the method described above (p. 143) is fed with rabbit’s serum, the 
beats, whether spontaneous or provoked by stimulation, are apt to 
become intermittent and to arrange themselves into groiips. This 
intermittence is due to the chemical action of the seru n ; and it is 
probable that the cardiac intermittence seen during life has often a 
similar causation. Various chemical substances in the blood, natural 
or morbid, may thus affect the heart’s beat by acting on its muscular 
fibres, its reflex or automatic ganglia, or its intrinsic inhibitory 
apparatus. 

The physical or mechanical circumstances of the heart also affect 
its beat ; of these perhaps the most important is the amount of the 
distension of its cavities. The contractions of cardiac muscle, like 
those of ordinary muscle (see p. 69), are increased up to a certain 
limit by the resistance which they have to overcome ; a full ventricle 
will, other things being equal, contract more vigorously than one less 
full ; though, as in muscle, the limit at which resistance is beneficial 
may be passed, and an over-full ventricle will cease to beat at all. 

The influences of resistance in the case of the heart are, however, more 
complex than those of ordinary muscle, since in the former we have to deal 
with the rate as well as the vigour of the beat. 

The effects of mechanical conditions, and at the same time the 
manner in which they are complicated by vital factors, may be well 
shewn in discussing 

The rdation of the heart's beat to blood-pressure. When the 
blood-pressure is high, not only is the resistance to the ventricular 

^ Baxt, Die Stellung dee N, vague zum N. accelerarUt Ludwig’s ArbeiteUt 1875, 
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systole increased, but, other things being equal, more blood flows 
tnrough the coronary artery. Both these events would increase the 
work of the heart, and we might expect that the increase would be 
manifest in the rate of the rhythm as well as in the force of the indi- 
vidual beats. As a matter of fact, however, we do not find this. On 
the contrary, as Marey has insisted, the relation of heart-beat to pres- 
sure may be put almost in the form of a law, that ‘'the rate of the 
beat is in inverse ratio to the arterial pressure a rise of pressure 
being accompanied by a diminution, and fall of pressure with an 
increase of the pulse-rate. This however only holds good if the vagi 
be intact. If these bo previously divided, then in whatever way the 
blood-pressure be raised — whether by injecting blood or clamping the 
aorta, or increasing the peripheral resistance, through that action of 
the vaso-motor nerves which we shall have to describe directly — or in 
whatever way it be lowered, no very clear and decided relation be- 
tween blood-pressure and pulse-rato is observed ^ It is inferred there- 
fore that the effect of increased blood-pressure in slowing the pulse, 
when the vagi are intact, is brought about through the high blood- 
pressure stimulating the cardio-inhibitory centre in the medulla and 
thus partially inhibiting the heart. 

When the blood-pressure, after section of the vagi, is raised by the 
injection of additional blood or by clamping the aorta, the hearths beats are 
increased in strength, as shewn by the larger excursions of the manometer ; 
the fact that this is not accompanied by any change in the rate, suggests 
that there must be some compensating agency at work. Sometimes, even 
after section of the vagi, a slight slowing is observed when the pressure 
is increased ; this has been attributed to the action of the increased arterial 
pressure on the endings of the vagus fibres in the heart itself. 


The Effects on the Circulation of Changes in the Hearts Beat, 

Any variation in the heart’s beat directly affects the blood- 
pressure unless some compensating influence be at work. The most 
extreme case is that of complete inhibition. Thus if, while a tracing 
of arterial pressure is being taken, the beat of the heart be suddenly 
arrested, some such curve as that represented in Fig. 33 will be 
obtained. It will be observed that immediately after the last beat, 
there is a sudden rapid fall of the blood-pressure, the curve described 
by the float more or less closely resembling a parabola. At the close 
of the last systole, the arterial system is at its maximum of dis- 
tension ; forthwith the elastic reaction of the arterial walls propels 
the blood forward into the veins, and there being no fresh fluid 
injected from the heart, the fall of the mercury is unbroken, being 
rapid at first, but slower afterwards, as the elastic force of the arterial 
walls is more and more used up. With the returning beats, the mer- 


1 Nawrooki, Ludwig’s Festgabe, p. ccv. 
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Fig. 33 . Tracing, shewing the influence of Caroiac Inhibition on Blood-pres- 
sure. From a Babbit. 

The current was thrown into the vagus at a and shut off at 6. It will he 
observed that one beat is recorded after the commencement of the stimulation. Then 
follows a very rapid fall, continuing after the cessation of tho stimulus. With the 
returning beats, the mercury rises by leaps until the normal pressure is regained. 

cury correspondingly rises in successive leaps until the normal pressure 
is regained. The size of these returning leaps of the me xury may 
seem extraordinary, Fig. 34, but it must be remembered that by far 
the greater part of the force of the first few strokes of the heart is 
expended in distending the arterial system, a small portion only of 
the blood which is ejected into the arteries passing on into the veins. 
As the arterial pressure rises, more and more blood passes at each 
beat through the capillaries, and the rise of the mercury at each 
beat becomes less and less, until at last tho whole contents of tho 
ventricle passes at each stroke into the veins, and tho mean arterial 
pressure is established. To this it may be added, that the force of 
the individual beats ib somewhat greater after than before inhibition ; 
that is to say, the period of depression is followed by a period of re- 
action, of exaltation. Besides, the inertia of the mercury tends to 
magnify tho effects of the initial beats. 

If while the force of the individual beats remains constant the 
frequency is increased or diminished, and vice versa, if while the fre- 
quency remains tho same the force is increased or diminished, the 
pressure is proportionately increased or diminished. This clearly 
must be the case ; but obviously it is quite possible that the beats 
might, while more frequent, so lose in force, or while less frequent, so 
increase in force, that no difference in the mean pressure should 
result And this indeed is not unfrequently the case. So much so, 
that variations in the heart-beat must always be looked upon as a 
far less important factor of blood-pressure than the peripheral 
resistance. 
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Fio, 34, Blood-Pkessure during Cardiac Inhibition. From a Dog, 

(Tlio tracing reads from right to left.) 

The line T indicates the time at which the recording surface was travelling, the 
vertical lines marking seconds. The line S indicates the application of the stimulus, 
an interrupted current being thrown into the vagus during the break in the line. It 
will be noticed that in this case, the stimulus being comparatively weak, the beats 
recommenced before the current was shut off. The large leaps of the mercury, 6, 
caused partly by the slowness of the first beats after the pause, are very conspicuous, 
indeed unusually large. 

Thus when the heart’s beat is quickened by stimulation of the accele- 
rator, no increase in the blood* pressure is observed. This, in the absence 
of any peripheral changes, must result from a proportionate diminution of 
the force of the individual strokes. 

An increase in the quantity of blood ejected at each beat must 
necessarily augment, and a decrease diminish, the blood-pressure, 
other things remaining the same. But the quantity sent out at each 
beat, on the supposition that the ventricle always empties itself at 
each systole, will depend on the quantity entering into the ventricle 
during each diastole, and that will be determined by the circum- 
stances not of the heart itself, but of some other part or parts of the 
body. 
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Sec. 5. Changes in the Calibre of the Minute Arteries. 
Vaso-motor Actions. 

The middle coat of all arteries contains circularly disposed plain 
muscular fibres. As the arteries become smaller, the muscular ele- 
ment becomes more and more prominent as compared with the 
elastic element, until, in the minute arteries, the middle coat consists 
entirely of a series of plain muscular fibres wrapped round the elastic 
internal coat. Nerve-fibres belonging to the sympathetic system are 
distributed largely to blood-vessels, but their terminations have not as 
yet been clearly made out. By galvanic, or still better by mechanical 
stimulation, this muscular coat may, in the living artery, be made to 
contract. During this contraction, which has the slow character be- 
longing to the contractions of all plain muscle, the calibre of the vessel 
is diminished. 

If the web of a frog’s foot be examined under the microscope, any 
individual small artery will be found to vary in calibre, being some- 
times narrowed and sometimes dilated. During the narrowing, whicli 
is obviously due to a contraction of the muscular coat of the artery, 
the attached capillary area with the corresponding veins becomes less 
filled with blood, and paler. During the stage of dilation, which 
corresponds to the relaxation of the muscular coat, the same parts arc 
fuller of blood and redder. It is obvious that, the presi ire at the 
entrance into any given artery remaining the same, more blood will 
enter the artery when relaxation takes place and consequently the 
resistance offered by the artery is lessened, and less when contraction 
occurs and the resistance is consequently increased. The blood al- 
ways flows in the direction of least resistance. 

The small arteries frequently manifest what may be called spontaneous 
variations in their calibre, and these variations are very a2)t to take on a 
distinctly rhythmical character. If a small artery in the web of the frog 
be carefully watched, it will be seen from time to time to vary very con- 
siderably in width, without any obvious change taking place in the heart’s 
beat or any events occurring in the general vaso-motor system. Similar 
variations may be witnessed in the vessels of the mesentery of a mammal. 

The most striking and most easily observed instanee of rhythmical con- 
striction and dilation is to be found in the median artery of the ear of 
the rabbit. If the ear be held up before the light, it will be seen that at 
one moment the artery appears as a delicate hardly visible pale streak, the 
whole ear being at the same time pallid. After a while the artery slowly 
widens out, becomes thick and red, the whole ear blushing, and many small 
vessels previously invisible coming into view. Again the artery narrows 
and the blush fades away ; and this may be repeated at somewhat irregular 
intervals several times a minute. The extent and regularity of the 
rhythm are markedly increased if the rabbit be held up by the ears for a 
short time previous to the observation. If the sympathetic be severed, those 
rhythmic movements cease for a time ; but in the course of a few days are 
re-established, even if the superior cervical ganglion be removed. Thus 
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though normally dependent on the central nerYous system (imless we 
suppose that the mere section of the nerve is sufficient to create a shock 
lasting several days) these rhythmic movements can make their appearance 
independently of that system. Some local mechanism is therefore sug- 
gest^; and yet no ganglionic cells have been discovered which would 
serve as such a mechanism. Similar rhythmic variations in the calibre of 
the arteries have been observed in several places, e.g, in the saphena artery 
of the rabbit, in the axillary artery of the tortoise, and in the small arteries 
of the muscles of the frog ; probably they are widely spread. They may be 
compared with the rhythmic movements of the veins in the bat’s wing and 
of the caudal rein of the eel. 

The extent and intensity of the constriction or dilation are found 
to vary very largely. Irregular variations of slight extent occur even 
when the animal is apparently subjected to no disturbing causes. By 
appropriate stimulation the arteries maybe either constricted, in some 
cases almost to obliteration, or dilated until they acquire double or 
more than double their normal diameter. Thus in the frog section 
of the sciatic nerve in the thigh causes a brief constriction followed 
frequently by a very marked dilation of the arteries, not only of the 
whole of that web, but of the rest of the foot. The wliolo limb in fact 
may become redder. Very frequently, however, section of the sciatic 
is followed by no distinct alteration in the calibre of tlio vessels of 
the web beyond perhaps an initial constriction. Stimulation of the 
peripheral stump of the divided nerve by an interrupted current of 
moderate intensity, is followed by a constriction, often so great as 
almost to obliterate some of the minute arteries. Sometimes, but not 
invariably, this constriction is followed by a dilation, which may or 
may not be marked. 

The constriction of the arteries of the web as the result of neiwe-stimu- 
lation, is more certain when the small nerve supplying the foot is operated 
on, than when the main trunk of the sciatic is stimulated high up. 

These facts shew that the contractile elements of the minute 
arteries of the web of the frog’s foot are capable by contraction or 
relaxation of causing constriction or dilation of the calibre of the 
arteries ; and that this condition of constriction or dilation may be 
brought about through the agency of nerves. 

Vaso-motor nerves. In the mammal, division of the cervical 
sympathetic on one side of the neck causes a dilation of the 
minute arteries of the head on the same side, and an increased 
supply of blood to the parts. If the experiment be performed on 
a rabbit, the effect on the circulation in the ear is very striking. 
The whole ear of the side operated on is much redder than normal, 
its arteries are obviously dilated, its veins unusually full, innumerable 
minute vessels before invisible come into view, and the temperature 
may be more than a degree higher than on the other side. 

If the upper cut end of the nerve (i.e, the part connected with the 
head) be placed on a pair of electrodes, and stimulated with an 
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interrupted current, the ear again becomes pale, much paler than 
normal if the current be strong, the vessels diminish in size, so that 
the smaller ones disappear; and the temperature falls. On the 
current ceasing, the dilated and flushed condition, after a short pp^use, 
returns. 

Division of the sciatic nerve in a mammal causes a similar^ dila- 
tion of the small arteries of the foot and leg. Where the condition of 
the circulation can be readily examined, as for instance in the hair- 
less balls of the toes, the vessels are seen to be dilated and injected ; 
and a thermometer placed between the toes shews a rise of tempera- 
ture amounting, it may be, to several degrees. Division of the 
brachial plexus produces a similar dilation of the blood-vessels of 
the front limb. Division of the splanchnic nerve produces a dila- 
tion of the blood-vessels of the intestine. Division in the mammal 
of the lingual nerve on one side of the head, causes a dilation of 
the vessels in the corresponding half of the tongue. A similar effect 
follows division of the hypoglossal ; and if both lingual and hypo- 
glossal be severed, the effect is still more marked. 

If one of the thin muscles of a frog be placed under the micro- 
scope, and its circulation watched while the nerve going to the 
muscle is still intact, it will be seen that division of the nerve is 
immediately followed by a dilation of the small arteries, and an 
increased flow of blood through the muscle. 

In fact, in various parts of the body certain vascul. r areas stand 
in such a relation to certain nerves that the division of one of these 
nerves causes a dilation of the minute arteries in, and consequently 
an increased supply of blood to, a corresponding vascular area. These 
nerves, which belong sometimes to the sympathetic, sometimes to the 
ccrcbro-spinal system, are called ^ vaso-motor ^ nerves. 

It is fre(juently the case that the nerve, the division of which 
causes dilation, produces, when stimulated, effects other than those 
in which the blood-vessels are concerned, for instance the contraction 
of a skeletal muscle. The nerve cannot then be said to be simply a 
vaso-motor nerve, it is accordingly spoken of as containing vaso-motor 
fibres, just as an ordinary spinal nerve is spoken of as containing 
sensory and motor fibres. 

J udging by what can be seen in the web of the frog’s foot, it may 
fairly be said that the minute arteries of the vascular areas, when 
these and their appropriate vaso-motor nerves are in a normal con- 
dition, are in a state of moderate constriction, due to a permanent 
moderate contraction of the muscular coats, but that when the vaso- 
motor nerves are divided, the moderate contraction of the muscular 
coats gives way to a relaxation w^hich produces a dilation of the 
arteries, and a consequent suffusion of the areas. This moderate 
contraction is often spoken of as a ‘tonic’ contraction. When it is 
present, the arteries are said to ‘possess tone’. When it gives place 
to relaxation, as after division of the vaso-motor nerves, the arteries 
are said to have ‘lost tone’. 
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VasO'inotor centre* The questions now arise : How is this tonic 
condition maintained, and what is the exact way in which division 
of a vaso-motor nerve causes ‘loss of tone'? It has been said that 
division of the cervical sympathetic trunk causes a loss of tone in the 
arteries of the corresponding side of the head and face. This loss is 
evident in whatever part of its length the nerve be divided, from the 
upper to the lower cervical ganglion both included. The effect when 
the upper cervical ganglion is destroyed or removed is perhaps even 
more striking than when the trunk only is divided. Division of the 
sympathetic trunk below the inferior cervical ganglion, as for instance 
section of the thoracic trunk, does not produce this loss of tone in the 
vessels of the face, which however is produced by the division of the 
rami communicantes, passing from the lower cervical and upper dor- 
sal spinal cord to the inferior cervical ganglion. Section, moreover, 
of a lateral half of the spinal cord in the cervical region produces loss 
of tone in the vessels of the face of the same side ; and a section car- 
ried right across the spinal cord in this region, causes loss of tone on 
both sides of the head. The same effect is seen wherever the section 
of the cord be made between a lower limit, at the level of lower cer- 
vical and upper dorsal vertebras, and a higher limit in the medulla 
oblongata, of which we shall speak directly. Section of the parts 
above and below these limits has no such effect. 

Putting all these facts together, the simplest explanation seems 
to be as follows ; 

Under normal conditions, a certain tonic influence is continually 
being generated in a portion of the cerebro-spinal system, situate at 
the upper part of the medulla oblongata. This influence is as con- 
tinually passing down the cervical spinal cord, leaves the cord by the 
rami communicantes (the paths here being somewhat variable), and 
ascending the cervical sympathetic, reaches the arteries of the head 
and face. The result of this influence is to keep these arteries in a 
state of tonic contraction. If by any of the sections spoken of above, 
this path is broken, the vaso-motor tract is interrupted, and in con- 
sequence the arteries, deprived of the wonted influence, lose their 
tone and dilate. Similarly with the other vascular areas. The vaso- 
motor influences governing the vessels of the lower limbs have been 
traced back with more or less distinctness along the sciatic and 
crural nerves, through the lumbar and sacral plexuses, and so into the 
spinal cord. 

It is possible however that influences may pass out of the cord higher 
up into the abdominal sympathetic, and thence join the sciatic in the 
pelvis, or pui'sue a separate course along sympathetic nei-ves direct to the 
vessels. 

The vaso-motor influences to the arm again may be traced back 
to the spinal cord along the brachial plexus. 

Here also apparently influences may pass downwards through the 
cervical sympathetic by, branches joining the brachial plexus, and also up- 
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wards along tlie thoracic sympathetic by branches leaving the spinal cord 
by the anterior roots of the 3rd to 7th dorsal nerves. These again may 
possibly pass in part directly to the vessels by a purely sympathetic tract. 

The vaso-motor influences to the intestine may be traced back 
along the splanchnic nerves to the spinal cord. From all these, and 
other various parts, the influences may be traced back up the cord 
to the medulla oblongata. Hence, section of the spinal cord in the 
dorsal region, above the exit of the nerves of the sacral and lumbar 
plexuses, causes loss of tone in the blood-vessels of the lower limbs ; 
section still higher up in the dorsal region causes in addition loss of 
tone in the arteries governed by the splanchnic nerve. Section in 
the upper cervical region adds to this loss of tone of the vessels of 
the fore limbs, and so on. Section in fact of the medulla oblongata, 
or of the cord immediately below the medulla, causes loss of tone all 
over the body, as shewn by the great diminution of the peripheral 
resistance loading to a large sinking of arterial pressure and an accu- 
mulation of blood in the venous system. Section of the crura cerebri 
above the medulla oblongata, i,e, above the upper limit spoken of 
above, produces no such lasting loss of tone, though it may have an 
immediate and passing effect. 

These additional facts seem in turn to be most easily explained 
by supposing that there exists in the medulla oblongata a vaso-motor 
centre (presumably a group of ganglionic cells), whence tonic influ* 
cnees are continually proceeding to arteries all over the body, and 
maintaining the tone of all the vascular areas supplied by those 
arteries. 

Owsjannikow* has attempted to define the limits of such a centre. He 
places the lower limit in the rabbit at 4 or 5 mm. above the point of 
the calamus scriptorius, and the higher limit at about 4 mm. higher up, 
viz. 1 or 2 mm. below the corpora quadrigemina. The centre according 
to him is bilateral, the halves being placed not in the middle line but more 
sideways and rjither nearer the anterior than the posterior surface. The 
facts which led Cyon to believe that the vaso-motor centre extended higher 
up into the brain, seem capable of being otherwise explained. 

Such a vaso-motor centre has an analogue in the intrinsic 
ganglia of the heart, and a still closer one in the respiratory centre, 
of which we shall speak hereafter. 

The connection between a rhythmic and a tonic action is very close ; so 
that the rhythmical variations in arteries described above may be regarded 
as special cases of tonic actions, the tonic being possibly converted into a 
rhythmic movement in the arteries themselves. 

The existence of such a general vaso-motor centre in the medulla 
oblongata is not contradicted by the supposition that the spinal cord may 
act as a centre in special vaso-motor actions, as for instance when the 
lumbar cord serves as a centre for reflex vaso-motor actions, if not as 


1 Ludwig’s Arheiten, 1871, p. 21. 
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an automatic tonic centre for the blood-vessels of the lower limbs after 
division of the cord in the dorsal region \ In the frog, indeed, any part 
of the spinal cord seems to act so readily as a vaso-motor centre*, that 
it may be doubted whether we are justified in speaking of that animal as 
possQssing a general medullary vaso-motor centre. And even in the mam- 
mal it is possible that the medullary vaso-motor centre is not so dominant 
as, in the description given above, it is represented to be. In the first 
place the vascular area governed by the splanchnic nerves is so capacious 
that the removal of the tonic influence exerted by those nerves may produce 
a fall of arterial pressure almost as large as that caused by the loss of tone 
over the rest of the body; so that the effects of loss of tone in the 
splanchnic area (and the vaso-motor centre of this area seems undoubtedly 
to lie in the medulla oblongata) might easily be confounded with the ofiects 
of loss of tone in the body generally. In the second place, in the experi- 
ments entailing section of the spinal cord in various regions, sufficient care 
has perhaps not been taken to distinguish between the immediately tem- 
porary (paralysing) and the ultimate, permanent effects of the operation. 
Thus the loss of tone in the lower limbs which is apparent immediately 
after section of the dorsal cord is in large mciasure at least temporary. It 
is more than probable that future inquiries will restrict the medullary 
vaso-motor centre on the one hand to being a real centre for special areas 
such as the splanchnic, and on the other to possessing general functions of 
a co-ordinating character only*. 

Admitting for the present the existence of such a centre, and of 
such a tonic influence, it is obvious that though it is permissible to 
speak of «. constant or habitual influence keeping up what may be 
called an average arterial tone, the amount of this influence must 
from time to time vary in both directions, being at one time aug- 
mented, and at another diminished or wholly suppressed. Further, 
although the nervous mechanism under discussion may bo spoken 
of as the vaso-motor centre of all the arteries of the body, it must in 
reality be not a simple centre but'* a group of minor centres, more or 
less coordinate to each other, each minor centre governing a particular 
vascular area. This indeed is the very essence of its usefulness. All 
the good that could come out of an unvarying tone could bo equally 
supplied by the mere mechanical properties of the arteries. The 
object of the vaso-motor mechanism is not so much to maintain a 
normal tone as to vary that tone, so that particular arteries may 
widen or narrow according to the needs of the economy. The tonic 
actions of all the arteries are gathered up into a centre in order that 
they may be more readily afi*ected by diverse influences proceeding 
from all parts of the body. As a matter of fact, we find that just as 
the heart is affected either in the way of inhibition or of acceleration 
by influences reaching it along certain nerves, so the action of tho 
vaso-motor centre may be exalted or depressed by nervous influences 
reaching it from various sentient surfaces, 

1 Goltz, Pfluger’s Archiv^ vin. 460. See also references, p. 167. 

* Lister, Phil. Trans. ^ 1^58. Part ii. p. 607. 

* Cf. Heidenhain, Spinale GefUssreflexe. PflUger’s Arehiv, xiv. (1877) p. 618. 
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In one important feature the behaviour of the vaso-motor centre 
dififerg from that of the heart. It is necessary that the heart should 
have an automatic action, that it should go on beating, thoTj^ no 
influences are being brought to bear upon it from the rest of the body. 
There is no necessity however for the vaso-motor centre to possess 
any automatism of its own, irrespective of events taking place in the 
rest of the body. Unless it is capable of being subjected to some 
influences from without, unless the tonic action which it exercises 
is capable of being either depressed or exalted as far as some vascular 
area or other is concerned, its presence is not needed. Its purpose as 
a centre is served if it simply acts as a centre of reflex action, 
mediating between afferent nerves bringing to it afferent impulses 
and vaso-motor nerves supplying vascular tracts. Hence the ques- 
tion, whether the vaso-motor centre is really an automatic or merely 
a reflex one, is a question of secondary consideration. The important 
fact is, that by means of it as a centre, afferent impulses may exalt or 
depress arterial tone. To which we may add the not less important 
fact, that the depressing or exalting influence thus exercised may be 
brought to bear either on the whole vascular system or on particular 
vascular areas. 

Since in the living mammal the width of the arteries can rarely 
be seen or measured, and wo are therefore compelled to judge of the 
constriction or dilation of an artery by its effects, we must, before 
giving the proofs of the statement just made, point out briefly what 
are the effects of the constriction or dilation of an t tery. These 
are both local and general. 

Let us suppose that the artery -4 is in a condition of normal tone, 
is midway between constriction and dilation. The flow through A 
is determined by the resistance in A and in the vascular tract which 
it supplies, in relation to the mean arterial pressure, which again 
is dependent on the way in whicli the heart is beating and on 
the peripheral resistance of all the small arteries and capillaries, 
A included. 

If, while the heart and the rest of the arteries remain unchanged 
A be constricted, the peripheral resistance in A will increase, and 
this increase of resistance will lead to an increase of the general 
arterial pressure. This increase of pressure will tend to cause the 
blood in the body at large to flow more rapidly from the arteries into 
the veins. The constriction of A however will prevent any increase 
of the flow through it, in fact will make the flow through it less 
than before. Hence the whole increase of discharge from the arterial 
into the venous system must take place through channels other than 
A. Thus as the result of the constriction of any artery there occur, 
(1) diminished flow through the artery itself, (2) increased general 
arterial pressure, leading to (3) increased flow through the other 
arteries. If, on the other hand, A be dilated, while the heart and 
other arteries remain unchanged, the peripheral resistance in A is 
diminished. This leads to a lowering of the general arterial pressure. 
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whioC in turns causes the blood to flow less rapidly from the arteries 
into the veins. The dilation of A however permits, even with the 
lowered pressure, more blood to pass through it than before. Hence 
the diminished flow tells all the more on the rest of the arteries. 
Thug, as the result of the dilation of any artery, there occur (1) in- 
creased flow of blood through the artery itself, (2) diminished general 
pressure, and (3) diminished flow through the other arteries. Where 
the artery thus constricted or dilated is small, the local effect, the 
diminution or increase of flow through itself, is much more marked 
than the general effects, the change in blood-pressure and the flow 
through other arteries. When, however, the area the arteries of 
which are affected is large, the general effects are very striking. 
Thus if while a tracing of the blood-pressure is being taken by 
means of a manometer connected with the carotid artery, the 
splanchnic nerves be divided, a conspicuous but steady fall of pressure 
is observed, very similar to that which is seen in Fig. 35. The 
section of the splanchnic nerves cuts off the mesenteric arteries from 
their vaso-motor centre. They in consequence dilate, and the arteries 
governed by the splanchnic being very numerous, a large amount 
of peripheral resistance is thus taken away, and the blood-pressure 
falls accordingly, a large increase of flow into the portal veins takes 
place, and the supply of blood to the face, arms, and legs is propor- 
tionally diminished. It will bo observed that the dilation of the 
arteries is not instantaneous but somewhat gradual, the pressure 
sinking not abruptly but with a gentle curve. 

If the spinal cord be divided below the medulla all the arteries of 
the body are cut off from the vaso-motor centre. All the arteries 
previously governed by that centre dilate and the blood-pressure falls 
to a very low point. From the lack of due peripheral resistance 
the blood flows readily from the arteries into the veins, the head of 
blood, to borrow a phrase from the engineers, in the arteries cannot 
be got up, and hence much more blood is retained in the venous 
system than under normal conditions. 

If during the low pressure caused by division of the splanchnic, 
the peripheral stump of the nerve be stimulated with the inter- 
rupted current, the intestinal arteries contract again to or beyond 
their former calibre, they offer in consequence a peripheral resistance 
equal to or greater than the normal, the pressure in the carotid is 
increased, and while less blood passes to the intestine, more flows 
through the face and limbs. So also when after division below the 
medulla the lower cut surface of the spinal cord is stimulated, there 
is general constriction of all the arteries \ a general increase of 
resistance, the blood once more gathers head in the arterial system, 
and the pressure in the arteries rises again. 

In both the cases just cited the heart is supposed to continue to 

^ This statement is possibly too general. There are some reasons for thinking that 
eomparatively little constriction occurs in the arteries supplying muscles. Gaskell, 
Journ. Anat. and xi. (1877), p. 720, 

r. P, 


11 



162 


7A80-M0T0S NJISVES. 


[Book x. 


beat >vith regularity, independent of the changes going on in the 
arteries. Hence when as tne result of the stimulation of an afferent 
nerve there occurs a rise or a fell of general blood-pressure unaccom- 
panied by any marked changes in the beat of the heart, we inay 
safely infer that the afferent impulses started by the stimulation 
have travelled to the vaso-motor centre and there exalted or 
diminished the tone of some vascular tract. 

A very characteristic instance of such an action is seen in the 
results of stimulating the depressor nerve in the rabbit. If while the 

S ressure in an artery such as the carotid is being registered, the 
epreasor nerve, which is a branch of the vagus running alongside the 
carotid artery and sympathetic nerve (Fig. 81. n. dep.), be divided, 
and its central end (i.e. the one connected with the brain) be stimu- 
lated with the interrupted current, a gradual but marked fell of pres- 
sure in the carotid is observed, lasting, where the period of stimula- 
tion is short, some time after the removal of the stimulus (Fig. 35). 
Since the beat of the heart is not markedly changed, the fall of pres- 
sure must be due to the diminution of peripheral resistance occasioned 
by the dilation of some arteries. If the splanchnic nerves are 
divided previous to the experiment, the fell of pressure when the 
depressor is stimulated is very small, in fact almost insignificant. The 
inference from this is clear; the depressor nerve exerts the depressing 
action on blood-pressure, which gives it its name, by causing a dila- 



T 
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Fia. S5. Tracing shewing the Effect on Blooh-fbessttre of stimulating the 

CENTRAL END OF THE DePRESBOB NeBYE IN THE EaBBIT. 

(To be read from right to left.) 

T indicates the rate at which the recording surface was traveUing; the intervals 
marked correspond to seconds. C the moment at which the current was tiirown 
into the nerve ; 0 the moment at which it was shut off. The effect is some time 
in developing and lasts after the current has been taken off. The larger undula* 
tions are the respiratory curves ; — the pulse oscillations are very small. 

tion of the intestinal arteries through the agency of the splanchnic 

nerves. The point of union between the two nerves, the depressor 


Chap, iv.] 


THE YASQVLAR MECHANISM. 


163 


and tha splanchnic, is in the vaso-motor centre of the medulla. Hence 
we may say that the afferent impulses reaching the vaso-motor centre 
through the depressor, depress or inhibit a portion of that centre, 
so that the tonic impulses cease to pass down to the splanchnic 
nerves with their wonted vigour. 

The depressor nerve is a special nerve, one specially connected with 
the vaso-motor centre, and having a special and constant function, 
viz. always to depress or lower tonic action. But all the afferent 
nerves of the body are more or less closely connected with the 
vaso-motor centre. Stimulation of almost any afferent nerve is found 
to affect blood-pressure, even while the heart's beat remains un- 
changed; that is, the stimulation of the afferent nerve influences 
through the vaso-motor centre the tone of some vascular tract. 
The influence may, according to circumstances, be in the way either 
of inhibition or exaltation. Thus if the central stump of the divided 
sciatic (or any other nerve containing afferent fibres) be stimulated 
under urari, a rise of pressure, sometimes almost the exact reverse of 
the fall caused by stimulating the depressor, is observed. The curve 
of the blood-pressure, after a latent period, rises; it begins to rise with- 
out any change in the heart's beat, gradually reaches a maximum, and 
after a while slowly falls again, even though the stimulation be still 
kept on. So constant is this result, that it has proved of great value 
in determining the existence of afferent fibres in any given nerve, 
and even the paths of centripetal impulses through the spinal cord. 
If, on the other hand, the animal be under chloral instead of urari, a 
fall quite similar to that caused by stimulating the depressor is 
observed instead of a rise. Thus, according to the condition of the 
vaso-motor centre, or to circumstances affecting it, the same stimula- 
tion of the same nerve may at one time produce a fall, and at another 
a rise of blood-pressure, i, e, may either depress or exalt the action of 
the centre. 

The causes of this difference are not yet clearly worked out. Variar 
tions in respiration will not explain it. Nor can the solution he found by 
supposing that in urari poisoning cerebral functions are active while in 
chloral poisoning they are in abeyance. If the brain be removed without 
much bleeding, subsequent stimulation of a sensory nerve under urari still 
gives a rise of pressure. If there be much bleeding however a fall is 
witnessed. This suggests the idea that after bleeding and under chloral, 
the vaso-motor centre is enfeebled or exhausted, and that stimulation of the 
enfeebled or exhausted centre always causes depression. This view is sup- 
ported by the fact, that in ordinary stimulation under urari the decline of 
the rise appears sooner, the more often the stimulation is repeated, and that 
after many repetitions the decline passes into a distinct fall, and at last 
only a fall is observed ♦ 

In the instances just quoted, the effect of the stimulation of the 
afferent nerve may be spoken of as a general one ; it is the general 

^ Cf. Latschenberger Peahna, Pfliiger's Archiv, xii. (1876) p. 167. 
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blood-pressure which is diminished or increased ; though in the case 
of the depressor at all events the splanchnic nerves and intestinal 
vessels are the chief agents in the matter, it being the particular 
part of the vaso-motor centre governing the splanchnic area which is 
chiefly if not exclusively affected by the afferent impulses. 

There are however some remarkable changes where a local effect 
can be readily distinguished from the general effect, because the two 
are in opposite directions. Thus if in a rabbit under urari, the 
central stump of the auricularis magnus nerve or of the auricularis 
posterior be stimulated, the rise of general pressure which is caused 
by the stimulation of this as of any other afferent nerve, is accom- 
panied by a dilation of the artery of the ear. That is to say, the 
afferent impulses passing along the auricular nerve while affecting 
the vaso-motor centre in general, so as to cause constriction of many 
of the arteries of the body (but chiefly probably the splanchnic vessels), 
at the same time so affect that particular part of the centre which 
governs the artery of the ear, as to lead to the dilation of that 
vessel. 

According to Lov^»n\ to whom we are indebted for this observation, the 
local dilation in the ear is preceded by an initial constriction. A similar 
initial constriction has been witnessed in other cases of reflex dilation. 

So also in the same animal stimulation of branches of the 
tibial nerve causes dilation of the saphena artery, together with 
constriction of other arteries, as shewn by the concern tant rise of 
pressure. And there are probably innumerable instances of the same 
kind of action going on in the body during life, for it is evident that 
the increased flow of blood to the organ which is the object of the 
local dilation, must be assisted if a general constriction is at the 
same time taking place in other regions. 

The general effect may not always be obvious, may perhaps be 
often absent, so that the local dilation or constriction, as the case 
may be, is the only obvious result of the vaso-motor action. When 
the ear of the rabbit is gently tickled, the effect that is seen is a 
blushing of the ear, and though this may be in part due, as we shall 
see, to the action of a local mechanism, the case we have just cited 
shews that the vaso-motor centre must bo largely engaged. When 
the right hand is dipped in cold water, the temperature of the left 
hand falls, on account of a reflex constriction of the vessels of the 
skin of that hand caused by the stimulus applied to the other. Many 
more instances might be quoted, and we spall again and again come 
upon examples. The numerous pathological phenomena classed 
under sympathetic action, such as the affection of one eye by 
disease in the other, are probably in part at least the results of 
reflex vaso-motor action. 

We have said enough to shew that the calibre of the small 
arteries, which by determining the peripheral resistance forms one 

^ Ludwig’s Arheiten^ 1866, 
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important factor reflating the flow of blood, is subject to influences 
proceeding from all parts of the body, the influences reaching the 
arteries in a reflex manner by means of the vaso-motor centre, the 
afferent impulses being for the most part carried by ordinary sensoiy 
nefves, while the efferent impulses pass along special vaso-motor 
nerves, which, though the vaso-motor centre lies in the medulla 
oblongata, have a great tendency to run in sympathetic tracts. 
Further, since the effects may be either local or general, the local 
being frequently opposite to the general, there is fair reason for 
assuming that the vaso-motor centre is a multiple centre, composed 
of minor centres governing particular vascular areas, so associated 
together that they may, according to circumstances, act either to- 
gether or apart. 

The reader can now appreciate the kind of proof offered by Owajannikow 
(see p. 158) of the limits of the medullary vaso-motor centre. The rabbit 
being placed under urari, rise of pressure is seen to follow upon stimulation 
of the central stump of the sciatic. The amount of rise is not materially 
affected by sections of the brain above the upi>er limit of tho centre, Tlie 
sections being continued downwards, so soon as the centre is reached a 
diminution in the reaction is observed ; and when the section passes 
through the lower limit, stimulation of the sciatic has no effect whatever. 

The afferent impulses of course need not start from the peri- 
pheral nerve-endings. They may arise anywhere, as for instance in 
the brain. Thus an emotion originating in the cerebrum may cither 
inhibit or exalt that portion of the vaso-motor centre which governs 
the vascular areas of the head and neck, and thus call forth either 
blushing or pallor. Nay more, changes may be induced in the vaso-^ 
motor centre itself without the need of any impulses reaching it from 
without. When we come to discuss the relations of respiration to the 
circulation, we shall see reason to think that the vaso-motor centre 
may be directly affected by the condition of the blood passing through 
it. If the quantity of oxygen in the blood be reduced, tho tonic 
action of the vaso-motor centre is increased, a general arterial con- 
striction takes place, and a rise of blood-pressure follows. The return 
of oxygen to the blood, on the other hand, lessens the action of the 
centre; the vessels dilate and pressure falls. We shall return to these 
phenomena later on. 

It is more than probable that many substances introduced into tho 
blood, or arising in the blood from natural or morbid changes, may affect 
blood-pressure by acting directly on the vaso-motor centi’e. 

Local vaso-motor mocliaiusms. Although this central and gene- 
ral vaso-motor mechanism must play the chief part in the regulation 
of the blood-supply to various organs, there are phenomena which 
seem to compel us to admit the existence of local peripheral vaso- 
motor centres. An example of this is seen in the so-called 
erigentesK 


1 Bokhara, BHtr&ge, in. (1868) 123. 
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The erection of the penis is, putting aside the suhsidiaiy action of 
muscular bands in restraining the outflow through the veins, chiefly 
due to the dilation of branches of the pudic arteries, whereby a la^e 
quantity of blood is discharged into the venous sinuses. Erection 
may in the dog be artificially produced by stimulating the peripheral 
enoS of the divided nervi erigentes, which are branches from the first 
and second and sometimes from the third sacral nerve passing across 
the pelvis. On applying the interrupted current to the peripheral 
ends of these nerves, the corpora cavernosa at once become turgid. 
Evidently the efferent impulses passing along the nerves causae dila- 
tion by inhibiting the local tone. This loc^ tone is not destroyed 
by the section of these or any other nerves; it is therefore inde- 
pendent of the spinal cord and of the general vaso-motor centre. 
We infer therefore that the local tone is maintained by some local 
mechanism, some local vaso-motor centre (probably a ganglionic 
group), whose action is inhibited by impulses reaching it along the 
nervi erigentes, just as the medullary vaso-motor centre is inhibited 
by impulses reaching it along the depressor nerve. 

The somewhat similar case of the submaxillary gland we shall 
have to discuss more fully hereafter. At present we may say that 
the circulation in the gland appears also to be independent of the 
general vaso-motor centre, and to be governed by a vaso-motor centre 
of its own. Stimulation of the chorda tympani inhibits that local 
centre, and without producing any other change in die general 
circulation of the body, causes an abundant flow througn xhe gland. 
Stimulation of the cervical sympathetic, on the other hand, exalts the 
local centre, and diminishes the flow through the gland; strong 
stimulation in fact almost arrests the flow. 

In the exposition of vaso-motor nerves given above, the muscular coats 
of the arteries are considered as mere passive instruments in the hands of 
the far distant cerebro-spinal vaso-motor centres, with which they are con- 
nected merely by a greater or less length of simple nerve-fibres. There 
are facta, however, which clearly shew that the whole matter is much more 
complicated in nature. 

In the first place, the dilation (loss of tone) which follows upon 
division of the cervical sympathetic, though it may remain for days, 
eventually gives way to a return of tone. The vessels resume their ordi- 
naiy calibre, the ear regains its normal pallor; in fact, the difference, in a case 
of unilateral section of the sympathetic, between the two sides of the head, 
gradually disappears, and that too even when the upper cervical ganglion 
has been removed or destroyed. The same thing occurs after division of 
the sciatic in the mammal. On the day of the operation the difference of 
temperature between the hind feet of the two sides of the body may 
amount to four or five or even more degrees ; but in a few days the two 
feet are equal in warmth. So also after division of the dorsal spinal cord. 
At first, the hind limbs are warmer than the fore limbs, but shev a suc- 
cessfiil operation, in a few days their temperature falls until it becomes 
the same as that of the fore limbs and the rest of the body. The 
dilation which appears in a muscle after severance of its nerve in time 
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disappears ; and a recovery of tone in the vessels of the frog has been wit- 
nessed even after complete destruction of the central nervous system. In 
fact, as &r as we know, in all casM the loss of tonic influence which follows 
after section of a vaso-motor tract is a temporary one only ; and the 
return of tone is certainly not due to any regeneration of the nervous 
tract. Further, this restored state of tone is susceptible of changes, of 
augmentation and decrease, like the original intact tone. Thus if the ear 
of a rabbit, to which tone has returned after section of the sympathetic, be 
gently titillated, the ear will blush, the blood-vessels will dilate, the tone 
will be inhibited, very much in the same way as if the sympathetic were 
entire. So also with the foot of a dog after section of the sciatic, tickling 
the ball of the toe will produce a temporary suffusion. In the frog, where 
the sciatic has been divided, a stimulus applied to the web will cause, 
according to circumstances, contraction or dilation stretching away from 
the point to which the stimulus is applied. 

All these facts, and they might be multiplied, point to the conclusion, 
that there must be, in all cases, present in or near the small arteries, 
peripheral mechanisms, capable not only of maintaining, but within certain 
limits of regulating, local arterial tone. What is the exact nature of the 
local mechanism cannot at present be distinctly stated. In certain cases, e.g, 
the fi'og’s web, and the rabbit’s ear, the absence of ganglia, at least of 
ordinary ganglia, can be safely affirmed. Nor is there any satisfactory 
reason for referring the phenomena to ganglionic action in other oases. 

Such being the case, the question arises. What then is the exact pro- 
cess tlirough which section of the cervical sympathetic, for instance, causes 
dilation of the vessels of the earl In reference to this, the following 
fficts deserve attention. 

Stimulation, by the interrupted current, of the peripheml stump of 
the divided ceiwical sympathetic, causes constriction of the blood-vessels. 
When the peripheral stump of the divided sciatic of the dog it stimulated 
with a somewhat strong current, a very temporary constriction is followed 
by a considerable dilation ; the constriction is often so slight, that it may 
be overlooked. In the case of the sciatic of the frog, the constriction is 
often very great and the subsequent dilation very slight; and in the 
mammal by beginning with a w(^ stimulus and gradu^ly increasing its 
strength, constriction may be maintained for some tima Stimulation of 
the peripheral stump of the divided lingual causes in the mammal dilation 
of vessels of the tongue, without any foregoing constriction; the 
dilation caused by section is simply increas^ by subsequent stimulation. 
Stimulation of the hypoglossal, on the other hand, section of which also 
produces dilation, though less than in the case of the lingual nerve, is 
followed by constriction. The arteries of the mylo-hyoid, and probably 
of all other muscles of the frog\ dilate not only when the nerve going 
to the muscles is cut, so as to sever the muscle ftom the central nervous 
system, but also when the nerve is stimulated either by the interrupted 
current, or by mechanical or chemical stimuli ; and this holds good also 
of the muscles of the dog. So that while stimulation of a branch of the 
sciatic going to the foot causes constriction, the dilation only appearing 
as an after effect; the same stimulus applied to another branch of the 
same nerve going to a muscle, causes dilation without any previous con- 

^ Gaskell, W. H. Joum, Amt. and Phgt. ix, (1877), p. 720. 
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Btriction, though sometimes constricfion may follow. In eadi case the 
after effect is obvious only when strong stimuli are employed. 

Thus in the case even of those nerves, the section of which, entailing 
severance of the vascular tract which they govern from the central nervous 
sjrstem, causes dilation, stimulation may produce either a constriction or 
a dilation unaccompanied by any constriction, and quite similar to the 
dilation caused by the stimulation of the chorda tympani or nervi eri« 
gentes ; the dilation caused by stimulation may exceed that resulting from 
section. Sometimes, again, we may have constriction followed by dilation. 
How are these differences to be explained ? 

An apparently easy way of cutting the knot thus presented, is to suppose 
that there ai*e two distinct kinds of vaso-motor nerves, constrictor nerves 
and dilator nerves, and that a vaso-motor tract may be entirely composed 
of one kind, or of the two mixed together. Thus, we may conceive that 
in the hypoglossal and cervical sympathetic, constrictor nerves are alone 
present, or are present in great excess ; in the lingual and muscular nerves, 
and in tlie chorda tympani, dilator nerves only ; and in the sciatic, both 
constrictor and dilator, the dilator being, in the mammal, somewhat in 
excess. In addition to this, we must suppose that the constrictor nerves 
are more easily excited and exhausted than the dilator nerves, in order to 
account for constriction preceding and giving way to dilation, when a 
trunk, such as the sciatic, containing both kinds of nerves, is stimulated. 

Granting the existence of these constrictor and dilator fibres, the 
question still remains, Why does section of a nerve, such as the sciatic, 
produce dilation? 

Goltz* has observed, that if a day or two after section of the sciatic, 
when the vessels are beginning to regain their tone, the peripheral stump 
be again cut or snipp^ a fresh dilation, indicated by a fresh rise of 
temperature in the foot, takes placa By making a series of cuts along the 
nerve, from the cut end towards the periphery, by crimping it in fact, he 
succeeded in obtaining a rise of several degrees. Here evidently mere 
section of the nerve stimulated the supposed dilator fibres. Leaning 
on this observation Goltz has drawn the conclusion that the initial dila- 
tion consequent on division of the sciatic, is entirely due to the 
section stimulating the dilator fibres, and not at all to the withdrawal of 
any tonic influence. He has further extended this view, so as to refer all 
tone to peripheral mechanisms of some kind or other, and to convert the 
tonic centre of the medulla (and of the spinal cord) to a reflex centre for 
constrictor and dilator fibres. Thus blushing is, according to him, the 
r^ult not of inhibition of the tonic centre, but of stimulation of a vaso- 
dilator centre. Against this view we may urge that, while neither by 
cutting, nor by stimulating in any way, such nerves as the cervical sympa- 
thetic and hypoglossal, can dilation be obtained, nevertheless the initial 
se^on of them always produces dilation. It seems impossible to explain 
this initial dilation, except on the supposition of a central tonic influence. 
Nor is there any real difficulty in the recovery of local tone after complete 
severance fix>m the cerebro-spinal tonic centre. We liave only to suppose 
that the locdl tonic mechanism, whalever it he, is, from habit, so adjusted as 


1 Pfliiger’B Archiv^ ix. (1874) 174, xi. (1875) 62 ; of. also Patzeys u. Tarohanoff, 
Reichert u. Du BoU-Iteymond^a Archiv, 1874. Ostronmoff, Pfliiger’s Archiv, xu. (1876) 
219. Kendall a. Luohsinger, ibid. xin. (1876) 197. ‘ * 
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to act in concert with the general centre. On this centre it, under normal 
circumstances, largely relies* When the centre is sundered from it, it 
feeb at once the loss, but gradually adapts itself to new circumstances, and 
finally does all the work itself. No instance is known of marked con- 
stricfing effects following upon mere sereranoe of a constrictor nerve at 
all comparable to the dilating effects which follow the section of a dilator 
nerve ^ Yet this ought to take place on Goltz’s view. On the other 
hand, in the theory of a central vaso-motor action, the only permanent 
influence needed is one tending towards constriction or tone (the arteries 
can readily dilate of themselves through the pressure of the blood when 
this is removed); hence dilation is the natural and only effect of simple 
severance. 

But if we admit that the blushing which occurs after section of the 
sympathetic is due to loss of tone, it is unnecessaiy to suppose that the 
blushing which comes from emotion is produced in any other way than by 
diminution of the normal tonic action of the (medullary) centre, and that 
pallor (when arising through the sympathetic and not from lessening of 
the heart's action) is produced in any other way than by an increase of the 
same normal tonic action of the centre ; in other words, that constriction 
and dilation in the case of the natural action of the sympathetic differ 
on account of the degree to which the same central mechanism (in the 
medulla) is worked, and not by reason of the mechanism which is put 
into action in the one case being different from that which is put into 
action in the other. But if this is true of the central tonic mechanism, 
why should it not also bo true of the peripheral local mechanism] why 
should not the nerves which when stimulated produce constriction, differ 
from those, stimulation of which produces dilation, not in possessing 
fibres of a different kind, but because their relations with the local me- 
chanism are respectively such that impulses passing along the one increase, 
and along the other diminish, the action of that ‘local centre*' ] So that 
the problem why the cervical sympathetic always produces constriction, 
and a muscular nerve always dilation, when stimulated arilficially, is at 
bottom just the same problem as that why the depressor always lowers 
blood-pressure and why under urari stimulation of an afferent nerve causes 
a rise, and under chloral stimulation of the same nerve a fall, of blood- 
pressure. 

If it could be shewn that the molecular arrangements of the nerve- 
endings were such that impulses passing along one kind of ending into 
the centre were liable to interfere with, while those passing along the other 
kind of ending were liable to add themselves to, the automatic impulses 
generated in the centre itself, the problem would be solved. 

1 All that has been observed is at times a slight passing constriction upon section 
of the cervical sympathetic (Kendall and Luchsinger) and anterior auricular nerve 
(Vulpian.) 

* Kendall and Luchsinger, op, cit., have shewn that in the case of the peripheral 
portion of a sciatic which has been divided for some little time, weak stimulation will 
produce a contraction, strong stimulation a dilation of the blood-vessels of the toes ; 
and L6pine (OompU Rend. 8oc. Biol March 4, 1876) finds the same stimulation of the 
sciatic may produce either constriction or dilation according as the foot is artificially 
warmed or cooled. 
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The Effects of heal Vaecxdar Constriction or Dilation. 

Whatever be determined ultimately to be the modus operandi of 
vaso-motor mechanisms, the following fundamental facts remain of 
prime importance. 

The tone of any given vascular area may be altered, positively in 
the direction of augmentation (constriction), or negatively in the 
way of inhibition (dilation), quite independently of what is going 
on in other areas. The change may be brought about by (1) stimuli 
applied to the spot itself, and acting either directly on the local 
mechanism, or indirectly by reflex action through the general vaso- 
motor centre ; (2) by stimuli applied to some other sentient surface, 
and acting bjr reflex action through the general vaso-motor centre ; 
(3) by stimuli (chemical, blood stimuli), acting directly on the general 
vaso-motor centre. 

The effects of local dilation are local and general. 

Local effects of dilation. The arteries in the area being di- 
lated, offer less resistance than before to the passage of blood. Con- 
sequently, more blood than usual passes through them, filling up the 
capillaries and distending the veins. Owing to the diminution of 
the resistance, the fall of pressure in passing from the arteries to the 
veins will be less marked than usual; that in the small ai eries them- 
selves will be lowered, that in the corresponding veins heightened. 
The coats of the arteries during the dilation will suffer less strain 
than when in their tonic contracted condition; i,e, their elasticity 
will not be called into play to the same extent as before. Now, as 
has been seen, every portion of arterial wall has its share in destroy- 
ing the pulse by converting the intermittent into a continuous flow. 
Hence, the stretch of dilated artery, its elasticity not being called 
into play, will not do its duty in further destroying the pulsations 
which reach it at the cardiac side. The pulsations will travel 
through it unchanged, and may, in certain cases, pass right on into 
the veins. This is frequently seen in the submaxillary gland, when 
the chorda tympani is stimulated. The channels being wider, resist- 
ance being less, and the force of the heart behind remaining the 
same, more blood than before passes through the area in a given 
time ; or, put differently, the same quantity of blood passes through 
the area in a shorter time. The blood, consequently, as it pagses 
into the veins is less changed than in the normal condition of the 
area. Sometimes the flow is so rapid that the oxy-haemoglobin of 
the corpuscles is deoxidised to a much less extent than usual, and the 
venous blood still possesses an arterial hue. On the other hand, 
since more blood passes in a given time, there is an opportunity for 
an increase in the total interchange between the blood and the tissue. 
Thus the total work may be greater, though the share borne by each 
quantity of blood is less. 
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Oeneral effects of dilatioXL Supposing that the total quantity of 
blood issuing from the ventricle remains the same, that is to say, 
supposing that the quantity of blood put into circulation is constant, 
the surplus passing through the dilated area must be taken away 
from the rest of the circulation. Consequently the fullness of the 
dilated area will lead to an emptying of the other areas. This is seen 
very clearly when the dilated area is a capacious one. At the same 
time, local dilation causes a local diminution of peripheral resistance. 
This in turn causes a lowering of the general arterial pressure ; to 
this we have already called attention* 

The effects of local constriction^ similaily local and general, are 
naturally the reverse of those of dilation. 

In the vascular area directly affected, less blood passes through 
the capillaries in a given time, and in consequence loss total inter- 
change between the blood and the tissues takes place, though each 
unit volume of blood which does pass through is more deeply af- 
fected. The blood-pressure in the corresponding arteries is increased, 
and, if the area be large, the pressure in even distant arteries may 
be heightened. 

Thus, to indicate results in a general manner, local dilation en- 
courages a copious flow of blood through the area where the dilation 
is taking place, and, by reducing the blood-pressure, hinders the flow 
of blood into other areas. Local constriction, on the other hand^ 
lessens the flow of blood in the particular area, and by heightening 
the blood-pressure tends to throw the mass of the blood on to other 
areas. Hence the great regulative value of the vaso-motor system. 
By augmenting or inhibitory influences (constrictor or dilating) 
applied either to peripheral mechanisms or to cerebro-spinal centres, 
and called forth by stimuli cither intrinsic and acting through the 
blood, or extrinsic and acting through nervous tracts, the supply of 
blood to this or that organ or tissue may be increased or reduced : 
the surplus or deficit being carried away to, or brought up from, 
either the rest of the body generally, or some other special organ or 
tissue. 


Sec. 6. Changes in the Capillary Districts. 

Possessing no muscular element in their texture, the capillaries, 
unlikd the arteries, are subject to no active change of calibre. They 
are expanded when a large supply of blood reaches them through 
the supplying arteries, and, by virtue of their elasticity, shrink 
again when the supply is lessened or withdrawn; in both these 
events their share is a passive one. 

It is true that certain active changes of form, due to movements in the 
protoplasm of their walls, have been described ; but the effects of any such 
changes, even if common, must be quite subordhiate. 
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Nevertheless the capillaries do possess active properties of a 
certain kind, which cause them to play an important part in the 
work of the circulation. They are concerned in maintaining the 
vital equilibrium which exists between the intra-vascular blood and 
the extra-vascular tissue, an equilibrium which is the central fact of 
a normal capillary circulation, of a normal interchange between the 
blood and the tissue, and thus of a normal life of the tissue. The 
existence of this equilibrium is best shewn when it is overthrown, as 
in the condition known as inflammation. 

If an irritant, such as silver nitrate, or mustard, &c. be applied to 
a small portion of a frog’s web, or a frog’s tongue, inflammation is set 
up over a circumscribed area. In this area the following changes may 
be successively observed under the microscope. The first eflect that 
is noticed is a dilation of the arteries, accompanied by a quickening 
of the stream. The capillaries become filled with corpuscles, and 
many passages previously invisible or nearly so on account of their 
containing no corpuscles come into view. The veins at the same time 
appear enlarged and full. These events, the filling of the capillaries 
and veins, and the quickening of the stream, are all simply the 
results of the diminution of peripheral resistance caused by the dila- 
tion of the small arteries. If the stimulus be very slight, this may 
all pass away, the arteries gaining their normal constriction, and the 
capillaries and veins in consequence returning to their half-filled condi- 
tion; in other words, the effect of the stimulus in such a case is rather 
a temporary blush than actual inflammation. When the stimulus 
however is stronger, the quickening of the stream gives way to a 
slackening; this is not due to any returning constriction of the 
arteries, for they still continue dilated. The capillaries and veins 
get more and more crowded with corpuscles, the stream becomes 
slower and slower, until at last the movement of the blood in the now 
distinctly inflamed area ceases altogether. The phase of accelerated 
flow has given place to stasis. The capillaries, veins and small 
arteries are choked with corpuscles, and it may now be remarked 
that the red corpuscles seem to run together, so that their outlines 
are no longer distinguishable ; they appear to have become fused into 
a yellow homogeneous mass. The large number of white corpuscles 
in the capillaries and veins is also a conspiquous feature. This stasis, 
this arrest of the current, is not due to any lessening of the heart’s 
beat; the arterial pulsations, or at least the arterial flow, may be 
seen to be continued down to the inflamed area, and there to cease 
very suddenly. It is not due to any increase of peripheral resistance 
caused by constriction of the small arteries, for these continue dilated 
rather than constricted. It must therefore be due to some new and 
unusual resistance occurring in the capillary area itself. The increase 
of resistance is not caused by any change confined to the corpuscles 
themselves ; for if after a temporary delay one set of corpuscles has 
managed to pass away from the inflamed area, the next set of cor- 
puscles is subjected to the same delay and the same apparent fusion* 
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The cause of the resistance must therefore lie in the capillary walls, 
or in the tissue surrounding them, or, to speak perhaps more correctly, 
it depends on a disturbance of the relations which in a healthy area 
subsist between the blood in the capillaries on the one hand, and the 
capilldry walls, with the tissue of which they are a part, on the other. 
Ai'ter stasis has continued for some time, the tissue outside the capil- 
lary wall is seen to become crowded with white corpuscles, and in 
the tissue outside the veins are seen not only white but also red 
corpuscles. There can be no doubt that these have passed through 
the capillary and venous walls ; they may indeed be seen in transit, 
but the mechanism of their passage is not exactly known. We 
have no clear proof that any distinct pores do exist in the vascular 
walls ; and it seems probable that in the protoplasmic tissue which 
constitutes these walls, a temporary breach made by the passage of 
a corpuscle may be immediately and completely obliterated, just as 
a body may be thrust through a film such as that of a soap-bubble, 
and yet leave the film apparently entire, the internal cohesion of the 
film at once repairing the breach. 

Except in cases where the stimulus produces permanent mischief, 
the inflammation after a while subsides. The outlines of the cor- 
puscles become once more distinct, those on the venous side of the 
block gradually drop away in the neighbouring currents, little by 
little the whole obstruction is removed, the current through the area 
is re-established, and though the arteries and capillaries remain di- 
lated for some considerable time, they eventually return to their 
normal calibre. Thus it is evident that the peripheral resistance 
in the capillaries (and consequently all that depends on peripheral 
resistance) is not merely a matter of the mechanical friction of the 
blood against the smooth walls of the blood-vessels, but is concerned 
with the vital condition of the tissues. When the tissue is in health, 
a certain resistance is offered to the passage of blood through the 
capillaries, and the whole vascular mechanism is adapted to overcome 
this resistance to such an extent that a normal circulation can take 
place. When the tissue becomes inflamed, the disturbance of the 
equilibrium between the tissue and the blood so augments the 
resistance that the passage of the blood becomes diflBcult or im- 
possible. And it is quite open to us to suppose that there are con- 
ditions the reverse of inflammation, in which the resistance may be 
lowered below the normal, and the circulation in the area quickened. 

Such a diminution of peripheral resistance may possibly in part explain 
the remarkable quickening of the flow of blood, which is seen in any tissue 
after a temporary interruption of the stream, and which is also witnessed 
in the case of an artificial stream kept up in an organ such as the liver 
or kidney removed from the body. Mosso' by means of the Plethysmo- 
graph*, determined that the amount of resistance oflered to the artificial 

1 Ludwig’s Arheiten^ 1874. 

* By this instrument variations in volume are measured, and where these depend^ 
on variations in the quantity of blood passing the organ, which is being studied, oh^es 
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of blood through an excised kidney, depends upon the gases present 
in the blood passed through, the resistance being grater in proportion to 
the amount of carbonic acid irrespectiye of the quantity of oxygen. 

Thus the vital condition of the tissue becomes a factor* in the 
maintenance of the circulation. 

It is perhaps hardly necessary to observe that the considerations urged 
above are quite distinct from what is sometimes spoken of under the name 
of ^capillary’ force, as an agent of the circulation. If by capillary force it 
is intended to refer to the rise of fluids in capillary tubes, it is evident that 
since such phenomena are the results of adhesion, capillarity can only be a 
greater or less hindrance to the flow of blood, seeing that this is propelled 
by a force (the heart’s beat) which has been proved by experiment to be 
equal to the task of driving the blood from ventricle to auricle through the 
capillary regions. If by capillary force it is meant that the tissues have 
some vital power of withdrawing the fluid parts of the blood from the 
small arteries and thus of assisting an onward flow, it becomes necessary 
also to assume that they have as well the power of returning the fluid 
parts to the veins. Both these assumptions are unnecessary and without 
foundation. 


Sec. 7. Changes in the Quantity of Blood. 

In an artificial scheme, changes in the total quant' |r of fluid in 
circulation will have an immediate and direct effect on the arterial 
pressure, increase of the quantity heightening and decrease diminish- 
ing it. This effect will be produced partly by the pump being more 
or less filled at each stroke, and partly by the peripheral resistance 
being increased or diminished by the greater or less fullness of the 
capillaries. The venous pressure will under all circumstances be 
raised with the increase of fluid, but the arterial pressure will be 
raised in proportion only so long as the elastic walls of the arterial 
tubes are able to exert their elasticity. 

In the natural circulation, the direct results of change of quantity 
are obscured by compensatory arrangements. Thus experiment 
shews* that when an animal with normal blood-pressure is bled 
from one carotid, the pressure in the other carotid sinks so long 
as the bleeding is going on (this of course not so much from loss of 
blood as from diminution of peripheral resistance in the open artery), 
and remains depressed for a brief period after the bleeding has 
ceased. In a short time however it regains or nearly regains the 
normal height. This recovery of blood-pressure, after haemorrhage, 
is witnessed until the loss of blood amounts to about 3 per cent, of 

in the oironlation may thereby be investigated. Cf. Mosso, Sopra im nnovo metodo 
per sorivere movimenti del vasi sanguigni nell’ nomo.’* Atti, d, RmL Acad, d, Sci, d, 
Torino, VoL xi. Franpois-Fraack, Maxey’s Travaux du Lahorat, Vol. ii. p. 1, and the 
earlier memoir of Fick Untersuch, ZUrich, Physiol, Lab. Hit. i. p. 61. 

^ Worm Muller, Ludwig’s Arbeiten, 1873, p. 169. Lesser, ibid, 1874, p. 60. 
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the body-weight. Beyond that, a large and frequently a sudden 
dangerous permanent aepression is observed. 

The restoration of the pressure after the cessation of the bleeding 
is too rapid to permit us to suppose that the quantity of fluid in the 
blood-vessels is repaired by the withdrawal of lymph from the extra- 
vascular elements of the tissues. In all prooability the result is 
gained by an increased action of the vaso-motor neiwes, increasing 
the peripheral resistance, the vaso-motor centres being thrown into 
increased action by the diminution of their blood-supply. When tlie 
loss of blood has gone beyond a certain limit, this vaso-motor action 
is insufficient to compensate the diminished quantity, (possibly the 
vaso-motor centres in part become exhausted,) and a considerable 
depression takes place ; but at this epoch the loss of blood frequently 
causes anaemic convulsions. 

Similarly when an additional quantity of blood is injected into 
the vessels, no marked increase of blood-pressure is observed so long 
as the vaso-motor centre in the medulla oblongata is intact. If how- 
ever the cervical spinal cord be divided previous to the injection, 
the pressure, which on account of the removal of the centr^ vaso- 
motor action, is very low, is permanently raised by the injection of 
blood. At each injection the pressure rises, falls somewhat after- 
wards, but eventually remains at a higher level than before. This 
rise continues until the amount of blood in the vessels above the 
normal quantity reaches from 2 to 3 per cent, of the body-weight. 
Beyond this point there is no further rise of pressure. 

These facts shew, in the first place, that when the volume of the 
blood is increased, compensation is effected by a lessening of the 
peripheral resistance by means of a diminished action of the vaso- 
motor centres, so that the normal blood-pressure remains con- 
stant. They further shew that a much greater quantity of blood can 
be lodged in the blood-vessels than is normally present in them. 
That the additional quantity injected does remain in the vessels is 
proved by the absence of extravasations, and of any considerable 
increase of the extra-vascular lymphatic fluids. It has already been 
insisted that the blood-vessels are, in health, but partially filled, that 
the veins and capillaries are alone able to receive all the blood in 
the body. In these cases of large addition of blood, the extra 
quantity appears to be lodged in the small veins and capillaries, 
(especially of the internal organs,) which are abnormally distended to 
contain the surplus. 

We learn from these facts the two practical lessons, first, that 
blood-pressure cannot be lowered directly by bleeding, unless the 
quantity removed be dangerously large, and secondly, that there is 
no necessary connection between a high blood-pressure and fullness 
of blood or plethora, since an enormous quantity of blood may be 
driven into the vessels without any marked rise of pressure. 
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The Mutual Relations and the Coordination of the Vasotdar Factors. 

The foregoing considerations shew how complicated, and sensitive, 
and therefore how useful, is the vascular mechanism. It m^y be 
worth while briefly to summarize the relations of the different factors, 
and to point out the manner in which they are made to work in 
harmony for the good of the body. 

Two facts stand out prominent above all others : (1) the heart’s 
beat may be made slow by vagus inhibition, and, probably, quickened 
by withdrawal of the constant inhibitory influence exercised by 
the cardio-inhibitory centre in the medulla. (2) The peripheral 
resistance may be diminished by diminished action (dilating action) 
of the vaso-motor centres, and increased by increased action (constrict-* 
ing action) of the same centres. 

These two facts are, by the mediation of the nervous system, 
placed in mutual regulative dependence on each other. Thus, if 
with a given peripheral resistance, and proportionate blood-pressure, 
the heart begins to beat violently, afferent impulses passing up the 
depressor nerves diminish peripheral resistance (by opening the 
splanchnic flood-gates), and prevent the rise of blood-pressure which 
would otherwise take place. In this way, a delicate organ, such for 
instance as the retina, is sheltered from the turbulence of the heart 
bv a change in the flow of blood through the less noble organs of the 
abdomen. Conversely, if peripheral resistance be in an/ area in- 
creased, the general blood-pressure is prevented from rising too high, 
by reason of the actual increase of blood-pressure so affecting the 
medulla, that inhibitoiy impulses descend the vagus, and, by pro- 
ducing a less frequent pulse, tone down the distension of the arteries. 

The more we learn of the working of the body, the more aware 
we become of the fact that it is crowded with regulative and 
compensating arrangements no less striking and exquisite than the 
two we have just described. Some of these will be seen in the 
following almost tabular statement of the various modifications of 
the vascular factors, and of their causes. 

A. The Beat of the Heart is affected 

1. By the amount of distension of the yentricnlar cavities pre^ 

ceding the systole. This will depend on 

a. The qi^tity of blood passing into the ventri||pTilar cavities 

during the aiastole. This in turn is determined by the flow 
of blood through the veins, the flow itself being influenced by the 
arterial pressure, respiratory movements, &c. &c. 

b. The amonnt of resistance which has to be overcome by the 
systole. This is determined by the mean arterial pressure, and is 
influenced by everything which influences that. 
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2. By the quantity of the blood passing through the coronary 
arteries* In the frog the thin walls of the auricle and the spongy 
texture of the ventricle permit the nourishment of the cardiac sub- 
stance to be carried on by direct contact with the blood in the 
cavities. In mammals this mode of nutrition must be insignificant. 
In them the condition of the cardiac muscles and nervous appendages 
depends almost exclusively on the blood distributed by the coronary 
arteries. Putting aside the vaso-motor supply of the coronary arteries, 
of which we know nothing, we may say that the amount so sent will 
depend on the arterial pressure in the aorta. 

If the blood-current through the muscles of the heart be intermittent, 
instead of constant as in other muscles, the beat of the heart must be itself 
self-regulative, and the whole matter becomes very complicated ^ 

3. By the quality of the blood passing through the coronary 
arteries, and acting upon simply the muscular tissue, or upon the 
various nervous mechanisms, or upon both. This is well illustrated 
by the action of poisons (see p. 145). The quantitative relations of 
the normal, and the presence of abnormal, constituents must of neces- 
sity profoundly affect the heart’s beat. 

4. Through the inhibitory fibres of the vagus, 

a. By the blood directly stimulating the endings of the vagUS 
fibres* This is only seen in the case of poisons. 

b. By the blood directly affecting the cardio-inhibitory centre 
in the medulla oblongata, either positively by augmenting the normal 
inhibitory influences, and so slowing the heart, or negatively by de- 
pressing those influences and so quickening the heart. 

c. By reflex stimulation of the same centre. Cases of exaltation 
through reflex stimulation have already been quoted. Instances of 
dei)res8ion leading to quickening of the heart’s beat are not so clear. 
The afferent impulses may be started in any part of the body ; but, 
as we have seen, there seems to be a special connection between this 
centre and the alimentary canal. 

5. By the accelerator nerves* We have however no evidence* 
of the natural activity of this nerve. 

B. The Peripheral Resistanoe is affected 

1. By the vital i,e. the nutritive condition of the tissue of the 
part. This ii again influenced by 

a. The quality (and quantity ?) of the blood brought to it. 

h. Through the agency of the nervous system, as in cases of 
inflammation caused by nervous influences. 

Both these points are veiy obscure. 

^ Cf. Garrod, /oum. AnaU and Phys* vn. p. 219, viii. p. 54. 
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2. By the varying^ calibre (constriction, dilation) of the 
Biiniite arWies, brought about 

a. By the blood or other stimulus acting directly on the 

paripberal vaso-motor mechanism. 

h. By the blood acting directly on the vaso-motor centre in the 
medulla (or spinal cord). 

c. By reflex stimulation of the vaso-motor centres. 

d. It is more than probable that the peripheral resistance, i. e, 
the amount of constriction of the minute arteries, is directly de- 
pendent on the blood'pressure itself. In common with all muscles, 
the contraction of the circular muscles of the arteries will be greater 
when the resistance is greater, i, e, when the distension of the vessels 
is greater. That is to say, other things being equal, with an increase 
of pressure, due for instance to an increase of heart-beat, the dis- 
tension so caused will be more than counterbalanced by the increased 
contraction of the muscular fibre, and thus the pressure still further 
increased. This of course will take place within certain limits only\ 

Through these intricate ties it comes to pass that an event which 
takes place in one part of the body is felt, to a greater or less extent, 
by all parts. To take a simple instance — ^a change in the condition 
of the skin at any one spot, such as that produced by the appli- 
cation of cold or heat, may lead, 

1. By direct local action to a constriction or dilation of the 
vessels of the part, giving rise to local pallor or suffusion, 

2. By reflex action through the vaso-motor centre, 

a, to an increase of the same local effects, and in addition 

b, to a change in the calibre of the blood-vessels in other parts. 
This distant reflex change may be of the same or the opposite nature 
as the local change. 

3. By reflex action to a quickening or slowing of the heart’s 
beat, though the heart is in this respect less intimately connected 
with the skin than with other parts. 

Out of these primary effects there may arise secondary effects. 
The constriction or dilation produced locally will affect the general 
blood-pressure, whicli in turn will produce all its effects. 

The modifications of the heart-beat will not only affect the general 
blood-pressure, but in a reflex manner may affect the peripheral 
resistance, and hence the flow of blood in particular areas (e»g, the 
splanchnic area). The modifications of the now through the area di- 
rectly, and also through those secondarily, affected, will influence the 
.temperature and chemical changes of the blood, and those again will 
produce their effects everywhere. And so on, 

1 Of. Latschenberger and Deabna, Pfluger’s ArcMv, xii. (1876) 157. 
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On the other hand, the turbulence which would be the natural 
outcome of all these events is softened down, by the compensating 
effects of which we have spoken, into the smoothness which we call 
health. Still the greatness of the possibilities of change which lie 
hidden in the body are clearly enough shewn by the violence of 
disease, when compensation fails of accomplishment 

The proofs of the circulation brought forward by Harvey (1628) re- 
quired for their completion an explanation of the manner in which the blood 
passed from the small arteries to the small veins. For this the use of the 
microscope was necessary, and Malpighi (1661) was the first to demonstrate 
the capillaiy circulation. Leuwenhoek afterwards (1674) more fully described 
the passage of blood through the capillaries as seen in the web of the frog’s 
foot, in the fin of the fish’s tail, and in other transparent structures. 

Observations on Blood-Preasure were first made by Dr Stephen Hales 
who inserted a tall tube into the crural artery of a mare, and observed the 
height (more than eight feet) to which the column of blood rose. He 
thus used not a mercury, nor a water, but a blood, manometer. Poiseuille* 
introduced the mercury manometer, and to him we are indebted for our 
knowledge of the fundamental principles of the subject. The elaborate 
treatise of Volkmann® helped to formulate our knowledge; and we are 
indebted to Ludwig for many of our present methods of investigation, 

Claude Bernard^ was the first to observe that section of the cervical 
sympathetic on one side of the neck was followed by a rise of temperature 
and dilation of the blood-vessels of the same side of the head. Brown- 
Sequard in the same year® was apparently the first to observe that stimula- 
tion of the peripheral portion of the divided sympathetic brought about a 
return of the pallor and a fall of temjxjrature ; ho clearly recognised that 
the effects of the section of the sympathetic were the results of a paralysis 
of the blood-vessels. Bernard himself, somewhat later®, observed the 
effects of galvanic stimulation of the divided nerve, though he seems not 
to have obtained so distinct a grasp of the matter as did A. Waller^, who 
in Feb. 1853 clearly recognised the vaso-motorial functions of the cervical 
sympathetic, and the relation of these functions to the action of the same 
nerve on the iris. These discoveries formed the beginning of our know- 
ledge of the vaso-motor nerves. Among the numerous investigations 
which have since been carried on, none can be considered more important 
than those for which we are indebted to Ludwig and his pupils. 

^ Statical Essays^ Vol. ii. (1732). 

* Rech, 8, 1 . Causes du Mouvement du Sang, 1831. 

* Hlimodynamik, 1850. 

* Comptes Rendus, xxxiv. (1852) p. 472. 

® Philadelphia Medical Examiner, Aug. 1852, p. 489, quoted in Experimental Re^ 
searches applied to Physiology and Pathology, Now York, 1853, p, 9. 

® Comptes Rendus de la Societe de Biologic, Nov. 1862. 

7 Comptes Rcfidus^ xxxvi, (1863) p. 378. 
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THE TISSUES OF CHEMICAL ACTION WITH THEIR 
RESPECTIVE MECHANISMS. NUTRITION. 




CHAPTEE 1. 


THE TISSUES AND MECHANISMS OF DIGESTION. 


The food in passing along the alimentary canal is subjected to the 
action of certain juices which are the products of the secretory 
activity of the epithelium-cells of the alimentary mucous membrane 
itself, or of the glands which belong to it. These juices (viz. saliva, 
gastric juice, bile, pancreatic juice, succus entericus, and the secretion 
of the large intestine), poured upon and mingling with the food, 
produce in it such changes, that from being largely insoluble it 
becomes largely soluble, or otherwise modify it in such a way that 
the larg(T part of what is eaten passes into the blood, either 
directly by means of the capillaries of the alimentary canal or in- 
directly by means of the lacteal system, while the smaller part is 
discharged as excrement. 

We have therefore to consider — 1st, the properties of the various 
juices, and the changes they bring about in the food eaten. 2nd, the 
nature of the processes by means of which the various epithelium- 
cells of the various glands and various tracts of the canal are able 
to manufacture so many various juices out of the common source, 
the blood, and the manner in which the secretory activity of the 
cells is regulated and subjected to the needs of the economy. 3rd, 
the mechanisms, here as elsewhere chiefly of a muscular nature, 
by which the food is passed along the canal, and most efficiently 
brought in contact with successive juices. And 4th and lastly, the 
means by wiiich the nutritious digested material is separated from 
the indigested or excremental material, and insorbed into the blood. 


Sec. 1. The Properties of the Digestive Juices. 

Saliva. 

Mixed saliva, as it appears in the mouth, is a thick, glairy, 
generally frothy and turbid fluid. Under the microscope it is seen 
to contain, besides the ipolecular debris _of foo d (and frequently 
‘ ), epit helium-scal es, mu cus-corpi^l cs n.nd 

and the so-called Kn1jyg:yy Its reaction in a healthy 

subject is alkaline , especially when the secretion is abundant. When 
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the saliva is scanty, or when the subject suffers from dyspepsia, the 
reaction of the mouth may be acid. Saliva contains but few solids, 
*484 p. c. in man, giving a specific gravity of 1’0023. Of these solids, 
about half, *188, are salts (including a small quantity of ipotassium 
sulphocyanate). The organic bodies which can be recognised hi it 
are chiefly mucin , with small quantities of g lobulin and serum- 
albumin. 


The chief purpose served by the saliva in digestion is to moisten 
the food, and to assist in mastication and deglutition. In some 
animals this is its only function. In other animals and in man it 
has a specific solvent action on some of the food-stuffs. Such 
mineral as are soluble in slightly alkaline fluids are dissolved by it, 
Un fats it has no effect save that of producing a very feeble emulsion. 
On proteids is has also no action. Its characteristic nrop ^i^fy ^1^^ 
of converting starch into grane-sugar. 


Action of Saliva on Starch. If to a quantity of thin boiled 
starch, which has been ascertained to be free from sugar, a small 
quantity of saliva be added, it will be found after a time that the 
whole of the starch has disappeared, having been replaced by a 
corresponding quantity of grape-sugar. The mixtures no longer 

f ives any blue colour with iodine, but w^hen boiled with Fehling's 
uid (cupric sulphate dissolved in a concentrated solution of sodium 
hydrate, in the presence of sodium-potassium tartrate), gives a co- 
pious red or yellow deposit of cuprous oxide. Examine( quanti- 
tatively, it will be found that the amount of sugar which has 
been formed is the equivalent of the starch which has disappeared, 
that is, the starch has by the action of the saliva been converted 
into sugar. If iodine be added to the mixture in the early stages 
of the action of the saliva, a red or violet colour (more or less 
obscured by the blue) will be observed. This indicates the presence 
of dextrin, which at a later stage, like the starch itself, disappears. 
In fact, the saliva either converts the starch into dextrin and then 
into sugar, or first splits the starch into dextrin and sugar, and 
then changes the dextrin into sugar. The essence of both changes 
is the assumption of a molecule of water. Thus starch, CgHj^Og, or 
more probably 


(grape-flufcar) (dextrin) 

CAO,, + 3H,0 = C,IL^,Oe + 2(C«H,,0 ) + 2Bfi = 3(CeH,A). 


While boiled starch is thus converted into grape-sugar with consider- 
able rapidity, raw unboiled starch also suffers the same change, though 
more slowly. If a quantity of raw starch be suspended in water and saliva 
be added, the water will after a time be found to contain sugar. If the 
water be replaced from time to time, the starch will gradually disappear 
until a remnant is left which gives no blue colour with iodine, unless acid 
be previously added. The starch-corpuscle consists of granvloae giving a 
blue colour with iodine alone, and cdhdose giving a blue colour with iodine 
on the addition of sulphuric acid. The saliva acts on the granulose, con- 
verting it into sugar ; it is unable to act on the cellulose. When starch 
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is boiled, the cellulose coats of the starchnsorpuscle are ruptured and the 
saliva has ready access to the granulose. Hence the rapidity of the action. 
In raw starch the saliva can only get at the granulose by traversing the 
coat of cellulose. 

3rucke' distinguishes in the starch-corpuscle, besides granulose and 
cellulose, a third body which he calls erythrogranulose. This gives a red, 
not a blue colour with iodine, not usually seen when iodine is added to 
starch, because erythrogranulose is much less abundant than ordinary 
granulose. Erythrogranulose is converted by saliva into grape-sugar, but 
not so readily as gianulose. Brticke further regards dextrin resulting from 
the conversion of starch as a mixture of erythrodextrin giving a red colour 
with iodine, and achroodextrin which is not coloured by iodine. The former 
is readily converted by saliva and similar agents into grape-sugar, the latter 
with considerable difficulty; so that a fluid originally containing starch, 
after it has been acted upon by siiliva until iodine gives no longer either 
a blue or red colour, may still contain a considerable quantity of dextrin 
in the form of achroodextrin. When starch is acted upon by dilute acids, 
the conversion into dextrin is preceded by the appearance of soluble starchy 
i,e, of starch which like dextrin forms a clear solution with water but un- 
like dextrin gives a blue colour with iodine. Thus starting from granu- 
lose and erythrogranulose, the end product of grape-sugar may be reached 
through the intei*mediate stages of soluble starch or arniduUny eiythro- 
dextrin, and achroodextrin. 

The conversion of starch into sugar, or the ^/m y 1 n1 p ^a/» ti on of 
saliva, will go on at the ordinary temperature of the atmosphere. 
The lower the temperature, the slower the change, and at about 0^ 0. 
the conversion is indefinitely prolonged. After exposure to cold of 
even as much as some degrees below 0*^, when the temperature is 
again raised the action recommences. Increase of temperature up 
to about 35^ — 40®, or even higher, favours the change. Beyond 60® 
or 70® increase of temperature is injurious, and saliva which has 
been boiled for a few minutes not only has no action on starch while 
at that temperature, but does not regain its powers on cooling. By 
t>cing Jbojled^ the amylolytic activity of saliva is pengane gtly, de- 
stroyed . r 

The action of saliva on starch is favoured by a slightly alkaline 
medium. It will, however, still go on even in the presence of a small 
quantity of free acid. Increase of acidity, however, checks it. Thus 
in a mixture containing 1 per cent, of free hydrochloric acid, the con- 
version of starch is arrested. After a short exposure to a dilute acid, 
saliva will regain its powers on neutralisation. Its activity is, 
however, permanently destroyed by long exposure to weak, or by 
shorter exposure to strong, acids. Strong alkalies also destroy it. 

The action of saliva is hampered by the concentrated presence of 
the product of its own action, that is, of sugar. If a small quantity 
of saliva be added to a thick mass of boiled starch, the action will after 
a while slacken, and eventually come to almost a stand-still long 
before all the starch has been converted. On diluting the mixture 

^ Vorleiungen, i. p. 221. 
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with water, the action will recommence. If the products of action 
be removed as soon as they are formed, a small quantity of saliva 
will, if sufficient time be allowed, convert into sugar a very large, one 
might almost say an indefinite, quantity of starch. 

It is at present uncertain whether the constituent of the saliva, on 
which its activity depends, is at all consumed in its action. Paschutin^ 
argues that it is j but other observers have come to a contrary conclusion. 

On what constituent do the amylolytic virtues of saliva depend ? 

If saliva, filtered and thus freed from mucus and the formed 
constituents, be treated with ten or fifteen times its bulk of alcohol, 
a precipitate containing all the proteid matters takes place. Upon 
standing under the alcohol for some time (several days, or, better, 
weeks), the proteids thus precipitated become coagulated and in- 
soluble in water. Hence, an aqueous extract of the precipitate, made 
after this interval, contains little or no proteid material Yet it is 
as active, or almost as active, as the original saliva (the solution 
being brought to the same bulk as the saliva). If the precipitate be 
treated with concentrated glycerine, very little passes into solution. 
Nevertheless, the glycerine, diluted with water, is found to be highly 
amylolytic. Now we cannot say that even this small quantity of 
matter which is thus soluble in glycerine is entirely composed of the 
really active constituent ; it may be and probably is a mixture of this 
with other bodies. An amylolytic solution, free from proteid matter, 
may also be prepared by Brticke’s method for isolating ^ epsin (see 
j. 193); but tliis also probably contains other bodies beside the really 
active constituent; whatever the active substance be in itself, it 
exists in such extremely small quantities, that it has never yet been 
satisfactorily isolated ; and indeed the only evidence we have of its 
existence is the manifestation of its peculiar powers. 

The salient features of this body, which we may call ptyalin, are 
then 1st, its presence in minute in£LpprVf»inViia_qiiniif,jf.y » 

. 2nd, the close dependei^e of its activity: QU t emperat ure ; 3rd, its 
permanent and totaT destr uction by a high and by 

q}] Am iqfl such as a strong acid ; ith, the want of any clear 
proof that it itself undergoes any change during the manifestation of 
, its powers; that is to say, the eiim;gy nacessaiy fox tlip transfunaation 
wjiich_it effect? <ioes not come If it is at all used up in 

fts action, the loss is rather that of simple wear and tear of a 
machine, than that of a substance expended to do work ; 5th, the 
action which it induces is of such a kind (splitting up of a molecule 
with assumption of water) as is effected by the agents called pata- 
l ytic , and by that particular class of catalytic agents called hydrolytic. 

These features mark out the amylolytic active body of saliva 
jpts belonging to the class oi ferments^ ; and we may henceforward 
speak of the amylolytic ferment of saliva. 

^ Centrbt f» Med. Wmen., 1871. 

• Ferments may, tor tlie present at least, be divided into two classes, commonly 
called organised and unorganised. Of the former, yeast may be taken as a well-known 
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Mixed saliva, whose properties we have just discussed, is the 
result of the mingling in various proportions of saliva from the 
parotid, submaxillary, and sublingual glands with the secretion 
from the buccal glands. 

Parotid saliva, as obtained by introducing a cannula into the Stenonian 
duct, is clear and limpid, not viscid. On standing, it becomes turbid from 
a precipitate of calcic carbonate, due to an escape of carbonic acid. It 
contains globulin and some other forms of albumin, with little or no mucin. 
Potassium sulphocyanate is present, but structural elements are absent. In 
man, at least, it acts powerfully cm starch. 

Submaxillary saliva, as obtained by introducing a cannula into the 
duct of Wharton, diffei’S from parotid saliva in being more alkaline and, 
from the presence of mucus, moyn j it contains, often m abundance, 

salivary corpuscles, and amorphous masses of proteid material. The so- 
called chorda saliva in the dog (see Sec. 2) is under ordinary circumstances 
thinner and less viscid, contains less mucus, and fewer structmal elements, 
than the so-called sympathetic saliva, which is remarkable for its viscidity, 
its structural elements, and for its larger total of solids. 

In man, Buh pnaxillary saliva act^ mpre powerfully on starch t han parotid 
saliva , and in animals whose saliva is active on stardb/the activity is 
found in the submaxillary saliva at least. In the dog, sublingual saliva is 
more viscid, and contains more mucin and more total solids than even the 
submaxillary saliva. 

The action of saliva varies in intensity in different animals. 

Thus in man, the pig, the rabbit, the guinea-pig, and the rat, both 
parotid and submaxillary and mixed saliva are amylolytic. In the dog, 
parotid saliva is wholly inert on starch, submaxillary and mixed saliva 
have a slight effect only ; the saliva of the cat is more active than that of 
the dog. In the horse, sheej), and ox, the amylolytic powers of either 
mixed saliva, or of any one of the constituent juices, are extremely feeble. 

Where the saliva of any gland is active, an aqueous infusion of I 
the same gland is also active. The importance and bearing of this( 
statement will be seen later on. From the aqueous infusion of the 
gland, as from saliva itself, the ferment may be approximately 
isolated. 

In some cases at least a ferment may be extracted from the gland even 
when the secretion is itself inactive. 

The readiest method indeed of preparing a highly amylolytic 
liquid as free as possible from proteid and other impurities, is to 
mince the gland finely, dehydrate it by allowing it to stand under 
absolute alcohol for some days, and then, having poured off most of 
the alcohol, and removed the remainder by evaporation at a low tern- 

example. The fermentative activity of yeast which leads to the conversion of sugar 
into alcohol, is dependent on the life of the yeast-cell. Unless the yeast-cell be living 
and functional, fermentation does not take place ; when the yeast-cell dies fermerta- 
tion ceases ; and no substance obtained from yeast, by precipitation with alcohol or 
otherwise, will ^ve rise to alcoholic fermentation. The salivaxy ferment belongs to the 
latter class ; it is a substance, not a living organism like yeast. 
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S erature, to cover the pieces of gland with strong glycerine. A mere 
rop of such a glycerine extiact rapidly converts starch into grape- 
sugar. 


Oastric Juice. • 

Gastric juice, obtained by artificial stimulation from the healthy 
stomach of a fasting dog, by means of a gastric fistula, is a thin 
almost colourless fluid with a sour taste and odour. 

In the operation for gastric fistula, an incision is made through the 
abdominal walls, along the linea alha^ the stomach is opened, and the lips 
of the gastric wound securely sewn to those of the incision in the abdominal 
walls. Union soon takes place, so that a permanent opening from the 
exterior into the inside of the stomach is established. A tube of proper 
construction, introduced at the time of the operation, becomes firmly 
secured in place by the contraction of healing. Through the tube the 
contents of the stomach can be received, and the mucous membrane 
stimulated at pleasure. 

When obtained from a natural fistula in man, its specific gravity 
has been found to differ little from that of water, varying from 1*001 
to 1*010, and the amount of solids present to be very small, viz. 
about ‘oiLper-Cfint. 

In the dog however the amount of solids is as much as 2*7 per cent., 
and in the fehcep 1*9^; and the (\stimate given above for m; u probably 
does not represent a thoroughly healthy juice. 

Of these about half, -^^ are^ inorganic sj^s, chiefly alkaline 
(sodium) ohloiidc, with small quantities of phpgphatfig. The organic 
material consists chiefly of peptone , other forms of proteids being 
absent. In a healthy stomach gastric juice is free from mucus, un- 
less some submaxillary saliva has been swallowed. 

The reaction is distinctly ..aedd, and the acidity is normally due 
to free hydrochloric acid. This is proved by the fact that the 
amount of hydrochloric acid is more than can be neutralized by 
the bases, and this excess corresponds to the quantity of free acid 
present*. Lactic and butyric and other acids when present are 
secondary products, arising either by their respective fermentations 
from articles of food, or from decomposition of their alkaline or other 
salts. In man the amount of free hydrochloric acid in juice having 
the above specific gravity was found to be *Qg p^r gfmt. 

This is probably below the normal of health, since in the dog Bidder 
and Schmidt® found free acid to the extent of ’3 per cent., and in the 
sheep *123 per cent As will be mentioned below, a free acidity of *2 per 
cent is most efficacious in artificial digestion^ and in all probability good 
healthy human gastric juice possesses an acidity not fax from this. 

1 Bidder n. Schmidt, Die Verdaumgssdfte^ s. 73. 

3 Bidder a. Schmidt, op. ciu 

* Op. dU 
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On starch gastric juice has per ae no effect whatever ; indeed 
the acidity of the juice tends to weaken, and sometimes appears to 
be sufficient to arrest the amylolytic action of any saliva with which 
it may be mixed. 

Oti grape-sugar and cane-sugar healthy gastric juice has no 
effect. 

When the stomach contains mucus, gastric juice has the power of con- 
verting cane-sugar into grape-sugar. This power seems to be due to 
presence in the mucus of a special ferment, analogous to, but quite distinct 
from, the ptyalin of saliva. An excessive quantity of cane-sugar intro- 
duced into the stomach causes a secretion of mucus, and hence provides for 
its own conversion. 

On fats gastric juice is powerless. They undergo by reason of 
it no change whatever in themselves. When adipose tissue is eaten, 
all that happens in the stomach is that the proteid and gelatiniferous 
envelopes of the fat-cells are dissolved, and the fats set free ; the fat 
itself undergoes no change except the very slightest emulsion. 

Such minerals as are soluble in free hydrochloric acid are for the 
most part dissolved; though there is a difference in this respect 
between gastric juice and simple free hydrochloric acid diluted with 
water to the same degree of acidity as tho juice. 

The essential property of gastric juice is the power of dissolvin 
proteid matters, and of converting them into a substance calle- 
peptone. 

Action of gastric juice on proteids. The results are essentially 
the same whether natural juice obtained by means of a fistula or 
artificial juico, i,e. an acid infusion of the mucous membrane of the 
stomach, be used. 

Artificial gastric juice may be prepared in any of the followiDg ways. 

1. By scraping the surface of a (pig’s or dog^s) stomach, rubbing up 
the scrapings with pounded glass and water in a mortar, filtering, and 
adding hyd^hloric acid, till the filtrate, which is in itself somewhat acid, 
has a free acidity corresponding to *2 p. c. of hydrochloric acid. The juice 
thus prepared contains but little peptone, but is not very potent. 

2. By removing the mucous membrane from the muscular coat, minc- 
ing the former finely, and allowing it to digest at 35® C. in a large quantity 
of hydrochloric acid diluted to *2 p. c. The greater part of the membrane 
disappears, shi^eds only being left, and the somewhat opalescent liquid can 
be decanted and filtered. The filtrate has powerful digestive (peptic) 
properties, but contains a considerable amount of the products of digestion 
(peptone, <&c.), arising from the mucous membrane digesting itself ^ 

3. From the mucous membrane, similarly prepared and minced, the 
superfluous moisture is removed with blotting paper, and the pieces are 
thrown into a comparatively large quantity of concentrated glycerine, and 
allowed to stand. The membrane may bo previously dehydrated by being 

1 These however may be removed by concentration at 40® C., and subsequent 
dialysis. 
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allowed to stand under alcohol, but this is not necessary. The decanted 
clear glycerine in which scarcely any of the ordinary proteids of the mucous 
membrane are dissolved, if added to hydrochloric acid of *2 p. c. (a few 
drops of glycerine to 100 cc. of the dilute acid are sufficient), makes an 
artificial juice free from ordinary proteids and peptone, and of remarkable 
potency, the presence of the glycerine not interfering with the res\ilts. 

If a few shreds of fibrin, obtained by whipping blood, after 
being thoroughly washed and boiled, be thrown into a quantity of 
gastric juice, and the mixture exposed to a temperature of from 
35° to 40° C., the fibrin will speedily, in some cases in a few minutes, 
be dissolved. The shreds first swell up and become transparent, 
then fall to pieces into flakes especially when the vessel containing 
them is shaken, and finally disappear with the exception of a little 
granular debris, the amount of which varies according to circum- 
stances. 

If small morsels of coagulated albumin, such as white of egg, be 
treated in the same way, the same solution is observed. The pieces 
become transparent at their surfaces; this is especially seen at the 
edges, which gradually become rounded down ; and solution steadily 
progresses from the outside of the pieces inwards. 

If any other form of coagulated albumin, (e.^r. precipitated acid or 
alkali albumin, suspended in water and boiled) be treated in the 
same way, a similar solution takes place. The readiness with which 
the solution is effected, will depend, ceteris paribtiSy on th^ smallness 
of the pieces, or rather on the amount of surface as compared with 
bulk, which is presented to the action of the juice, 
t Gastric juice then readily dissolves coagulated proteids, which 
[otherwise are insoluble, or soluble only, and that with diflBculty, in 
Ivory strong acids. 

Nature of the change as shewn by the products of the action. 

If raw white of egg, largely diluted with water and strained, be 
treated with a sufficient quantity of dilute hydrochloric acid, the 
opalescence or turbidity which appeared in the white of egg on dilu- 
tion, and which is due to the precipitation of various forms of glo- 
bulin, disappears, and a clear mixture results. If a portion of the 
mixture be at once boiled, a large deposit of coagulated albumin 
occurs. If, however, the mixture be exposed to 35° or 40° C. for 
some time, the amount of coagulation which is produced by boiling a 
specimen becomes less, and, finally, boiling produces no coagulation 
whatever. By neutralisation, however, the whole of the albumin 
(with such restrictions as the presence of certain neutral salts may 
cause) may be obtained in the form of acid-albumin or syntonin, 
the filtrate after neutralisation containing no proteids at all (or a 
very small quantity). Thus the whole of the albumin present in the 
white of egg is converted, by the simple action of dilute hydrochloric 
acid, into acid-albumin or syntonin. 

If the same white of egg be treated with gastric juice instead of 
simple dilute hydrochloric acid, the events for some time seem the 
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same. Thus after a while boiling causes no coagulation, while neu- 
tralisation gives a considerable precipitate of a proteid bodjr, which, 
being insoluble in water, and in dilute sodium chloride solutions, 
and soluble in dilute alkali and acids, at least closely resembles 
syntonin. But it is found that only a portion of the proteids origi- 
nally present in the white of egg can thus be regained by precipita- 
tion. A great deal is still retained in the filtrate after neutrali- 
sation, in the form of what is called peptoney and, on the whole, the 
longer the digestion is carried on, the greater is the proportion borne 
by the peptone to the precipitate thrown down on neutralisation; 
indeed, in some cases at all events, all the proteids are brought into 
the condition of peptone. 

Peptone is a proteid, having the same approximate elementary 
composition as other proteids, and giving most of the usual proteid 
reactions. 

It is distinguished from other proteids by the following marked 
features : 

1st. It is not precipitated by potassium ferrocyanide and acetic 
acid, as are all other proteids. 

2nd. Though soluble in distilled water and in neutral saline 
solutions, even the most dilute, and therefore not precipitated from 
its acid or alkaline solutions by neutralisation, it is not coagulated 

3rd. It is hi ghly diffusibl e, passing through membranes with 
the greatest ease. (For the other less important reactions see 
Appendix.) 

The neutralisation precipitate resembles, in its general characters, 
acid-albumin or syntonin, Since, however, it probably is distinguish- 
able from the body or bodies produced by the action of simple acid 
on muscle or white of egg, it is best to reserve for it the name of 
parapeptone. Thus the digestion by gastric juice of white of egg 
results in the conversion of all the proteids present into ^ peptone 
and narapeptone . of which the former must be considered asTKe 
final and chie^ product, the latter a bye product or initial product 
of variable occurrence and importance. The gastric digestion of 
fibrin, either raw or boiled, and of all forms of coagulated albumin, 
gives rise to the same products, peptone and parapeptone. Milk 
when treated with gastric juice is first of all coagulated or curdled. 
This is the result partly of the action of the free acid and partly of 
the special action of a particular constituent of gastric juice, of which 
we shall speak hereafter. The coagulated milk is subsequently dis- 
solved with the same appearance of peptone and parapeptone as in 
the case of other proteids. In fact the digestion by gastric juice of 
all the varieties of proteids consists in the conversion of the proteid 
into peptone, with the concomitant appearance of a certain variable 
amount of parapeptone. 
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When raw unboiled fibrin is treated with gastric juice, the digesting 
mixture is found, when examined immediately after the solution of the 
fibrin, to contain, in addition to peptone and parapeptone, soluble albumin 
coagulable by heat. No such soluble albumin is formed during diges- 
tion of boiled fibrin or of any form of coagulated albumin. ' * , 

Circmnstances affecting gastric digestion. In order to come to 
a satisfactory conclusion on this matter, it is desirable to use the 
same proteid in all the experiments; and of all proteids, boiled 
fibrin is most convenient. It should be boiled rather than raw, 
because the latter is, for reasons of which we shall speak presently, 
soluble to a certain extent in dilute acids alone. Since, as will be 
seen, a given amount of gastric juice may by proper management be 
made to digest an almost indefinite quantity of fibrin if sufficient 
time be allowed, we are obliged to take, as a measure of the activity 
of a specimen of gastric juice, the rapidity with which it dissolves a 
given quantity of fibrin. 

The greater the surface presented to the action of the juice, the 
more rapid the solution. Hence ipimitft diviRion and constant mnve- 
poont favour digestion. N eutralisation of the j uice wholly arrests 
digestion. Fibrin may be submitted for an almost indefinite time 
to the action of neutralised gastric juice without being digested. If 
the neutralised juice be again properly acidified, it becomes quite 
as active as before. Digestion is most rapid with dilute hydrochloric 
acid of *2 p. c. (the acidity of natural gastric juice). I" the juice 
contains miiph TporA nr mnnh frAA than this, its activity is 
visibly impaired. QjJiacjacids, lactic, phosphoric, &c. may be substi- 
tuted for hydrochloric ; but they are not so effectual, and the degree 
of acidity most useful varies with the different acids. The presence 
of iifiUtoLsalts, especially sodium chloride, in pxce sp is injurious \ 
The presence in,..a r.oncenira.t.Qd form_of t he pro ducts of digestion hin- 
ders the process. If a large quantity of fibrin be placed in a small 
quantity of juice, digestion is soon arrested; on dilution with the 
normal hydrochloric acid (*2 p. c.), or if the mixture be submitted 
to dialysis, and its acidity be kept up to the normal, the action re- 
commences. Digestion is most rapid at about S5^4D”.^C.4. at ^the j 
ordinary temperature it is much slower, and ^t^AhoiitjQLG. ceases 
altogether. Gastric juice may be kept however at 0® C. for an in- 
definite period without injury to its powers. 

The gastric juice of cold-blooded animals is relatively more active at low 
temperatures than that of warm-blooded animals ; whether this is due to a 
different nature of the gastric juice, or to attendant circumstances, is un- 
certain*. The digestive fluid obtained from the stomach of the crab seems 
to be akin to pancreatic rather than to gastric juice*. 

At temperatures much above 40® or 45® the action of the 

^ A. Schmidt, Pfluger's Archive xiii. (1876), p. 9S. 

• Fick, Arbeiten Physiol, Lab, Wiirz, ii. (1873) s. 181. 

^ Hoppe-fleyler, Pfliiger’s ArchiVf xiv. (1877), 395, 
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juice is impaired. By boiling for a few minutes the activity of the 
most powerful juice is irrevocably destroyed. By removing the 
products of digestion as fast as they are formed, and by keeping 
up tfeet ^'Cidity to the normal/ a given amount of gastric juice may be 
made to digest an almost unlimited quantity of proteid. This shews 
tliat the energies of the juice are not exhausted by the act of 
digestion. 

It has been debated whether this statement is absolutely true. Dr 
Ransome', however, thinks that the powers of the juice are even increased 
by action. 

Nature of the action. All these facts go to shew that the 
digestive action of gastric juice on proteids, like that of saliva on 
starch, is a ferment-action; in other words, that the solvent action of 
gastric juice is essentially due to the presence in it of a ferment-body. 
To this ferment-body, which as yet has been only approximately 
isolated, the name of pepsin has been given. The glycerine extract 
of mucous membrane, especially of that which has been dehydrated, 
contains a minimal quantity of proteid matter, and yet is intensely 
active. The elaborate method of Brticke gives us a residue which 
possesses none of the ordinary proteid reactions, and yet in concert 
with normal dilute hydrochloric acid is peptic in the highest degree. 
We may therefore safely assert that pepsin is not a proteid . Brticke's 
residue contained nitrogen, bat it would be hazardous to assert that 
that residue was nothing but pepsin. At present the manifestation 
of peptic powers is our only test of the presence of pepsin. 

Briicke’s® method is as follows. Gastric mucous membrane is digested 
with dilute phosphoric instead of hydrochlonc acid. To the filtered digest 
clear lime-water is added, until a violet rcjiction with litmus is gained. The 
bulky precipitate of calcium phosphate carries down with it mechanically 
the greater part of the pepsin ; the supernatant fluid when reacidified has 
very little peptic j)ower. The j)recipitate is collected, pressed, suspended 
ill water, and redissolved carefully, with a minimal quantity of dilute 
hydrochloric acid, and reprecipitated with lime-water; much of the 
pe})tone which went down with the first precipitate is thus left behind, 
wliile the pepsin still clings to the calcic salt. The precipitate is again 
dissolved in dilute hydrochloric acid, jdaced in a flask, and a solution 
of cholesterin in 4 pai-ts alcohol to 1 ether is poured in slowly, through a 
long funnel reaching to the bottom of the flask. The cholesterin rises as 
a bulky mass to the top of the li(iuid, carrying the pepsin with it. After 
several shakings the cholesterin is collected, washed with water acidulated 
with acetic acid, and then with pure water. While still moist, it is trans- 
ferred to a vessel and shaken with alcohol-free ether, which, dissolving the 
cholesterin and floating on the top, leaves a watery stmtum below. This 
must be repeated until all the cholesterin is dissolved. The ether is 
removed, and the watery residue is filtered. The filtrate, though it does 
not give the ordinary reactions of proteids, is, when acidulated, most 

^ Journ, Anat, Phys, (187G), V(»l, x. 

Molesohott's Untemich. vi. (1859 j, s. 479. 


F. P. 
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strongly peptic. By dialysis it may be still further purified (for pepsin 
■will not pass through ordinary dialysis paper) ; but even the dialysed fluid 
gives a precipitate with basic and neutral lead-acetate. 

In one important respect pepsin, the ferment of gastric juice, 
differs from ptyalin, the ferment of saliva. Though saliva is most 
active in a faintly alkaline medium, there seems to be no specia l 
coi^ecjbion bet^j^^ n the fe rment and any alk ali. In gastric juice, 
however, there is a strongs a^d theJermen t. so 

strong that some writers speak of pepsin and hydrochloric acid as 
forming together a compound, pepto-hydrochloric acid. 

In the absence of exact knowleidge of the constitution of proteids, 
’we cannot state distinctly what is the precise nature of the change 
into peptone. Judging from the analogy -with the action of saliva 
on starch, we may fairly suppose that the process is at bottom one of 
hydration . Peptone closely resembling, if not identical with, that 
obtained by gastric digestion, may be obtained by the action of strong 
acids, by the prolonged action of dilute acids especially at high tem- 
perature, or simply by digestion with super-heated water in a Papin’s 
digester. The role of pepsin therefore is only to facilitate a change 
which may be effected without it. Since, in the act of digestion, the 
pepsin itself is not exhausted, it is clear that the energy which is 
spent in the conversion of the protcid into peptone does not come 
From the ferment. 

We have seen that a particular acid and a particular dilutioi are most 
Favoumble to digestion. We may add, that the natural action of the acid 
s modified by the presence of the pepsin. It is not that in digestion the 
icid converts the proteid into acid- albumin, which, in turn, is converted by 
die pe])sin into peptone. Ordinary albumin is less readily converted into 
aeutralisation products when pepsin is present, than when pepsin is absent, 
iud, as we shall see, the neutralisation products probably difier also in 
lature in the two cases. When bones are treated with simple hydrochlo- 
nc acid, the earthy salts are dissolved out, and the animal basis left ; when 
)ones are ti^ated with gastric juice, the animal basis is acted on more 
jpeedily than the earthy salts ^ The nature of peptic digestion will how- 
3 ver be more fully discussed under pancreatic digestion. 

All proteids, as far as we know, are converted by pepsin into 
Deptone. Of its action on other nitrogenous substances not truly 
Drotcid in nature, wc need only say that mucin, nuclein, and the 
jhemical basis of horny tissues are wholly unaffected by it, but that 
,he gelatiniferous tissues are dissolved and changed into a substance 
\o far analogous with peptone, that the characteristic property of 
felatinisation is entirely lost. 

Chondrin and the elastic tissues are also dissolved*. 

Milk is peculiarly affected by gastric juice, whether natural or 
irtificial. It is curdled, that is to say, its casein is precipitated. The 

1 Kiilme, Lehrh* h 40. 


» Etzinger, Zt /. Biolog. x. (1874), 84. 
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change will go on at the ordinary temperature, but is favoured by 
that of 35® — lo®. This property of gastric juice (which has long been 
known in domestic life, the rennet used for the purpose of curdling 
milk in the manufacture of cheese, or for other purposes, being an 
infusion of calves’ stomach) does not depend on the acidity of the 
juice, i.e. the casein is not directly precipitated by the free acid of 
the juice; for neutralized gastric juice is eflBcacious. Since the 
property is lost when the neutralized juice is boiled, and the effects 
are so closely dependent on temperature, it seems probable — and the 
conclusion is supported by other facts — that a. ig 

sent in the piice. wliich by mnvfirt.mnr thn mnk-fingflr inAa Iftp.t.in | 
precipitat es tlie ejisniTj. This ferment is not identical with pepsin, 
for though the ordinary glycerine extract of mucous membrane is 
active, Briicke’s pepsin is powerless in this direction. 

Bile, 

The quality of bile varies much, not only in different animals, but 
in the same animal at different times. It is moreover affected by 
the length of the sojourn in the gall-bladder ; bile taken direct from 
the hepatic duct, especially when secreted rapidly, contains little or 
no mucus ; that taken from the gall-bladder, as of slaughtered oxen 
or sheep, is loaded with mucus. The colour of the bile of carnivorous 
and omnivorous animals, and of man, is a bright golden red : of 
graminivorous animals, a golden green, or a bright green, or a dirty 
green, according to circumstances, being much modified by retention 
in the gall-bladder. The reaction is alkaline. The following may be 
taken as the average composition of human bile (Frerichs). 

In 1000 parts. 

Water 859*2 


Solids 


Bile Salts 

91*4 

Fats, &c. ... 

9-2 

Cholesterin 

26 

Mucus and Pigment 

29-8 

Inorganic Salts 

7-8 


140-8 

Bile therefore is distinguished from the other alimentary secretions 
by the entire absence of proteids . With regard to the inorganic 
salts, the points of interest are tke presence of a large quantity of 
sodium chloride (-2 to *27 per cent.), the presence of phosphates, and 
of iron and manganese, and occasionally, at all events, of copper. The 
ash contains soda in a very large amount, and also sulphates, both 
coming from the bile-salts. The constituents which deserve chief 
attention are the pigments and the bile-salts. 

Figments of Bile. The natural golden red colour of normal 
human or carnivorous bile, is due to the presence of Mliruhin , This, 
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which is also the chief pigmentary constituent of gall-stones, and 
occurs largely in the urine of jaundice, may be obtained in the form 
cither of an orange-coloured powder, or of well-formed rhombic 
tablets and prisms. Insoluble in water, and but little soluble in 
ether and alcohol, it is readily soluble in chloroform, and in alkaline 
fluids. Its composition is Treated with oxidizing agents, 

such as nitric acid 3^cllow with nitrous acid, it displays a succession 
of colours in order of the spectrum. The yellowish golden red 
becomes green, this a greenish blue, then blue, next violet, after- 
wards a dirty red, and finally a pale yellow. This characteristic 
reaction of bilirubin is the basis of the so-called Gmelin’s test for 
bile-pigments. Each of these stages represents a distinct pigmentary 
substance. An alkaline solution of bilirubin, exposed in a shallow 
vessel to the action of the air, turns green, becoming converted into 
Biliverdi n (CjeH^^N^Og or Maly), the green pigment of 

herbivorous bile. Biliverdin is also found in the edges of the placenta 
of the bitch, and at times in the urine of jaundice, and is probably 
the body which gives to bile which has been exposed to the action 
of gastric juice, as in biliary vomits, its characteristic green hue. It 
is the first stage of the oxidation of bilirubin in Gmelin’s test. 
Treated with oxidizing agents biliverdin runs through the same series 
of colours as bilirubin, with the exception of the initial golden red. 

We have already discussed, p. 30, the relation of bilirubin to hsematoi- 
din. Other pigments, hllifuscin, hlVvprasin^ have been found in small 
quantities in gall-stones. 

Fresh normal bile, either of man, the cow, the pig or dog, exhibits no 
absorption-bands, though those make their appearance in the alcoholic 
extracts, and when the bile has become altered. 

When bilirubin has been oxidized down to the last (yellowish) stage in 
Gmelin’s test, the liquid is found to contain a body with characteristic 
absorption-bands. To this the name of choleteliii has been given. Bili- 
rubin treated, on the other hand, with reducing agents (sodium amalgam) 
is converted into a body called urohilbi (hydrobilirubin), also with cha- 
racteristic spectrum appearances. The latter body is of interest, since it 
occui*s frequently in urine, especially that of fever patients K 

The bile-salts. These consist, in man and many animals, of 
sodium glycocholate and taurocholate : the proportion of the two 
varying in difierent animals. In ox-gall, sodium glycocholate is 
abundant, and taurocholate scanty. Human bile-salts consist chiefly 
of sodium taurocholate, there being only a small quantity of sodium 
glycocholate ; those of the dog, cat, bear, and other carnivora, consist 
exclusively of the former, the latter being entirely absent. 

In the bile of the pig two j>eculiar acids are present, in union with 
sodium, viz., glycohyocholic and taurohyocholic, dilftiring however but 
slightly from the above. Similarly, the bile of the goose contains tauro- 
chenocholic acid. 

1 Compare Jafffe, Virch. Archiv, 47, 406 ; Heynsiua and Campbell, Pfliiger’a Archiv, 
IV. 497, X. 246 ; Liebermanu, Pfluger’s Archiv, xi. 1S2. 
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Insoluble in ether but soluble in alcohol and in water, the aqueous 
solutions having a decided alkaline reaction, both salts may be obtained 
by crystallisation in fine acicular needles. They are exceedingly de- 
liquescent. The solutions of both acids have a dextro-rotatory action 
on polarized light. 

Preparation. Bile, mixed with animal charcoal, is evaporated to dry- 
ness and extracted with alcohol. If not colourless, the alcoholic filtrate 
must be further decolorized with animal charcoal, and the alcohol distilled 
off. The dry residue is treated with absolute alcohol, and to the alcoholic 
filtrate anhydrous ether is added as long as any precipitate is formed. On 
standing the cloudy precipitate becomes transformed into a crystalline mass 
at the bottom of the vessel. If the alcohol be not absolute, the crystals are 
very apt to be changed into a thick syrupy fluid. This mass of crystals 
has been often spoken of as hilin* Both salts are thus j)recipitated, so that 
in sucli a bile as that of the ox or man bilin consists both of sodium glyco- 
cholate and sodium taurocholate. The two may be separated by precipita- 
tion from their aqueous solutions with sugar of lead, which throws down 
the former much more readily than the latter. The acids may be separated 
from their respective salts by dilute sulphuric acid, or by the action of 
lead-acetate and sulphydric acid. 

On boiling with dilute acids (sulphuric, hydrochloric), or caustic 
potash, or baryta water, glycocholic acid is split up into cholalic 
(cholic) acid and glycin, Taurocholic acid may similarly be split 
up into cholalic acid and taurin. Thus 

glycocholic acid cholalic acid glycin 

+ H,0 = + C,H.NO, 

taurocholic acid cholalic acid taurin 

C„H„NSO, + H,0 = + C,H,NSO,. 

Both acids contain the same nitrogenless acid, cholalic acid ; but 
this acid is in the first case associated or conjugated with the im- 
portant nitrogenous body glycin, or amido-acetic acid, and in the 
second case with taurin, or ainido-isethionic (amido-ethyl-sulphuric) 
acid. This decomposition takes place naturally in the intestine so 
that from the two acids, after they have served their purpose in diges- 
tion, the two ammonia compounds are returned into the blood. Either 
of the two acids, or cholalic acid alone, when treated with sulphuric 
acid and cane-sugar, gives a magnificent purple colour (Petteukofer s 
tost) with a characteristic spectrum. A similar colour is produced 
by the action of the same bodies on albumin, amyl alcohol, and some 
other organic bodies. 

By dehydration, cholalic acid is converted into choloidic acid Cj,^H3g04, 
or into dyslysin C24II33O3. 

Action of Bile on Food. In some animals at least bile contains a 
ferment capable of converting starch into sugar; but its action in 

1 Hoppe-Seyler, Virohow^a Archiv, xxv, 181, xm. (1863) 619. 
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this respect is wholly subordinate. On proteids bile has no direct 
digestive action whatever. But when bile, or a solution of bile-salts, 
is added to a fluid containing the products of gastric digestion, a 
copious precipitate takes place, consisting, chiefly at least, of parapep- 
tone, the greater part of the pepsin present being at the same time 
carried down mechanically, so that the supernatant liquid, even when 
reacidified, has little or no peptic powers. 

It is not quite clear how far this is due simply to the fact of the bile 
being alkaline or to some special action of the bile-salts. It has been 
asse^d also that not only parapeptone but peptone is carried down in the 
precipitate, and that the pepsin is really rendered inert by the bile. 

With regard to the action of bile on fats, the following statements 
may be made : 

Bile has a f^)i,ght solvent, agtioi^ on as seen in its use by 
painters. It has a slight but only s light, emulsify ing PQ^e r. A 
mixture of oil and bile separate after ^aki^ Tess”^ rapidly than a 
mixture of oil and water; this action is probably due to the alkaline 
nature of bile. Witb^ free fatty, acids ^ bile forpos H^jpSt and these 
soaps are especially soluble in bile. Lastly, the wetting of mem- 
branes with bile, or with a solution of bile-salts, assjsts in the 
pass age of f ats through t he me mbrangs . Oil passes with consider- 
able ease throng a filter-paper kept wet with a solution of bile- 
salts as compared with one kept constantly wet with distille 1 water. 
Bile therefore must be said to have a slight action even on lats. It 
is probable however that it is more useful when combined with pan- 
creatic juice than when acting by itself. 


Pancreatic Juice. 

Natural healthy pancreatic juice obtained by means of a tem- 
porary pancreatic fistula differs from the preceding fluids in the 
C 03 iiparativelyNya^^ gipintity of proteid^ which it contains. Its com- 
position^afies according to the rate of secretion, for with the more 
rapid flow the increase of total solids does not keep pace with that of 
the water, though the ash remains remarkably constant. 

By an incision through the linea alba the pancreatic duct can easily be 
found either in the rabbit or in the dog, and a cannula secured in it. 
There is no difficulty about a temporary fistula; but Bernard found that 
with permanent fistulee the secretion altered in nature, and lost many of 
its characteristic properties. N. O. Bernstein*, however, has succeeded in 
obtaining permanent fistidcB without any impairment of the secretion. 

Healthy pancreatic juice is a plear Yiscid fluid, frntbi*T|jT when 
shaken* It has a very decided alkaline reaction, and contains few or 
no structural constituents* 


^ Ludwig’s Arbeiten^ 1869, p. 1* 
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The average amount of solids in the pancreatic juice of the dog 
when obtained from a temporary fistula is about 8 to 10 p. c.\ but 
Bernstein® found in the thoroughly active secretion from a permanent 
fistula about p..c* (1*68 — 5*39), *8 being inorganic matter. The 
important constituents are albumin a. pefliilTflr form of o ralka,| i 
aibaimip (precipitable by saturation with magnesium sulphate), | f>ucin 
and tyrosip , a small amount of fats and goaps, and a comparatively 
large quantity of \ \ i TY^fl,r|inTi to which the alkaline reaction of 
the juice is due, and which seems to be peculiarly associated with the 
albumin. 

When cooled to 0® 0. it is apt to undergo a sort of coagulation, becom- 
ing fluid again on being gently heated®. 

According to Kiihne^ freiah pancreatic juice of the dog always contains 
cor 2 )uscles similar to sfilivary cor 2 )u&cles, and the coagulation observed by 
Bernard is a true coagulation, resulting in a product very similar to 
nij^osin. The coagulum liowever is speedily digested. Perfectly fresh 
juice, Kiihiie states, contains neither peptone uor tyrosin, and only tho 
barest trace of leucin. 

Action on Food-stnfl^* On starch, raw or boiled, pancreatic juice 
acts with great energy, rapidly converting it into grape-sugar. All 
that has been said in this respect concerning saliva might be re- 
peated in the case of pancreatic juice, except that the activity of the 
latter is far greater than that of the former; the pancreatic juice and 
the aqueous infusion of the gland are always capable of converting 
starch into grape-sugar, whether the animal from which they were 
taken be starving or well fed. From the juice, or, by the glycerine 
method, from the gland itself, an amylolytic ferment may be ap- 
proximately isolated. jj ^fiJ^x^cises a sglY^Ed^ACtion, 

so far similar to that of gastric juice that by it the proteids are 
converted into peptone. If a few shreds of fibrin are thrown into 
a small quantity of pancreatic juice, they speedily disappear, especially 
at a temperature of 35® C., and the mixture is found to contain 
peptone. The activity of the juice in thus converting proteids into 
peptone, is favoured by increase of temperature up to 40® or there- 
abouts, and hindered by low temperatures; it is permanently de- 
stroyed by boiling. The digestive powers of the juice in fact depend, 
like those of gastric juice, on the presence of a^(?.rment. A glycerine 
extract of pancreas, prepared in the same method as that of the 
gastric mucous membrane, is active on proteids (under appropriate 
conditions), like the native juice. 

The appearance of fibrin undergoing pancreatic digestion is how- 
ever different from that undergoing peptic digestion. In the former 
case the fi brin does not swn ll up, but remains as opaque as before, and 
appears to suffer corrosion rather than solutio n. But there is a still 

1 Bernard, Le^ Phys, Exp, (1856), ii. 237. • Bernstein, op, ciU 

* Bernard, Le^, Phys. Exp. ii. 230. 

^ VerhandL Heidelb, Naturhiet, Med. Vereiru, 1876. 
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this respect is wholly subordinate. On proteids bile has no direct 
digestive action whatever. But when bile, or a solution of bile-salts, 
is added to a fluid containing the products of gastric digestion, a 
copious precipitate takes place, consisting, chiefly at least, of parapep- 
tone, the greater part of the pepsin present being at the same time 
carried down mechanically, so that the supernatant liquid, even when 
reacidified, has little or no peptic powers. 

It is not quite clear how far this is due simply to the fact of the bile 
being alkaline or to some special action of the bile-salts. It has been 
iisserted also that not only parapeptone but peptone is carried down in the 
precipitate, and that the pepsin is really rendered inert by the bile. 

With regard to the action of bile on fats, the following statements 
may be made : 

Bile has a gflght as seen in its use by 

painters. It has a slight but only s light, emulsify in g p Q^e r. A 
mixture of oil and bile separate after shak ing~ less rapidly than a 
mixture of oil and water; this action is probably due to the alkaline 
nature of bile. Witb^free fatty acids, bile foyps these 

soaps are especially soluble in bile. Lastly, the wetting of mem- 
branes with bile, or with a solution of bile-salts, assists , in the 
paaiia ge o f. fats through th^q m^. mbr^jti]^ . Oil passes with consider- 
able ease throupi a filter kept wet with a solution of bile- 

salts as compared with one kept constantly wet with distille I water. 
Bile therefore must be said to have a slight action even on lats. It 
is probable however that it is more useful when combined with pan- 
creatic juice than when acting by itself. 


Pancreatic Juice, 

Natural healthy pancreatic juice obtained by means of a tem- 
porary pancreatic fistula differs from the preceding fluids in tho 
cojupaiutiveljJla pf pro^e^ d ^ vrhich it contains. Its com- 

position Varies according to the rate of secretion, for with the more 
rapid flow the increase of total solids does not keep pace with that of 
the water, though the ash remains remarkably constant. 

By an incision through the linea alba the pancreatic duct can easily be 
found either in the rabbit or in the dog, and a cannula secured in it. 
There is no difficulty about a temporary fistula; but Bernard found that 
with permanent fistulfle the secretion altered in nature, and lost many of 
its characteristic properties. N. O. Bernstein \ however, has succeeded in 
obtaining permanent fistulce without any impairment of the secretion. 

Healthy pancreatic juice is a clear Yiacid fluid, when 

shaken. It has a very decided alkaiino reaction, and contains few or 
no structural constituents. 


1 Ludwig’s Arbeitent 1869, p. 1. 
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The average amount of solids in the pancreatic juice of the dog 
when obtained from a temporary fistula is about 8 to 10 p. c.\ but 
Bernstein* found in tho thoroughly active secretion from a permanent 
fistula about ,2:iLpu}. (1*68 — 5*39), *8 being inorganic matter. The 
important constituents are albuipin, a. pf^piiW form o r alkali 

alhiimip (precipitable by saturation with magnesium sulphate), ^^ucin 
and tyrosin , a small amount of fats and §j 3 iaps, and a comparatively 
large quantity of ^<;>d i \ i Tn^flr]inn nto.. to which the alkaline reaction of 
the juice is due, and which seems to be peculiarly associated with the 
albumin. 

When cooled to 0® C. it is apt to undergo a sort of coagulation, becom- 
ing fluid again on being gently heated®. 

According to Kiihne^ fresh pancreatic juice of the dog always contains 
corpuscles similar to salivary corpuscles, and the coagulation observed by 
Bernard is a tnie coagulation, resulting in a product very similar to 
myosin. The coaguliim however is speedily digested. Perfectly fresh 
juice, Kiihne states, contains neither peptone nor tyrosin, and only tho 
barest trace of leucin. 

Action on Food<stnfi^« On starchy raw or boiled, pancreatic juice 
acts with great energy, rapidly converting it into grape-sugar. All 
that has been said in this respect concerning saliva might be re- 
peated in the case of pancreatic juice, except that the activity of the 
latter is far greater than that of the former; the pancreatic juice and 
the aqueous infusion of the gland are always capable of converting 
starch into grape-sugar, whether the animal from which they were 
taken be starving or well fed. From the juice, or, by the glycerine 
method, from the gland itself, an amylolytic ferment may be ap- 
proximately isolated. Qnr it a 

so far similar to that of gastric juice that by it tho proteids are 
converted into peptone. If a few shreds of fibrin arc thrown into 
a small quantity of pancreatic juice, they speedily disappear, especially 
at a temperature of 35® C., and the mixture is found to contain 
peptone. The activity of the juice in thus converting proteids into 
peptone, is favoured by increase of temperature up to 40® or there- 
abouts, and hindered by low temperatures; it is permanently de- 
stroyed by boiling. The digestive powers of the juice in fact depend, 
like those of gastric juice, on the presence of aje^ment. A glycerine 
extract of pancreas, prepared in the same method as that of the 
gastric mucous membrane, is active on proteids (under appropriate 
conditions), like the native juice. 

The appearance of fibrin undergoing pancreatic digestion is how- 
ever different from that undergoing peptic digestion. In the former 
case the fi brin does not swe ll up, but remains as opaque as before, and 
appears to suffer corrosion rather than solutio n. But there is a still 

1 Bernard, Lec» Pkyt, Exp. (1855), ii. 237. * Bernstein, op, ciU 

» Bernard, Leg. Phys, Exp. ii. 230. 

^ Verhandl. Heidelb. Naturhut, Med. VereinSy 1876. 
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more important distinction between pancreatic and peptic digestion 
of proteids. Pe ptic digestio n is essentially an agjd digestion ; we 
have seen that the action only takes place in the presence of an acid, 
and is arrested by neutralization. digoation. on the other 

^hand, is essentially an digestion; the action will not take 

place unless some alkali be present; and the activity of an alkaline 
juice is arrested by acidification, and hindered by neutralization. 
The glycerine extract of pancreas is under all circumstances as inert 
in the presence of free acid as that of the stomach in the presence of 
alkalis. If the digestive mixture be supplied with sodium carbonate 
to the extent of 1 p. c., digestion proceeds rapidly, just as does a 
peptic mixture when acidulated with hydrochloric acid to the extent 
of -2 p. c. Sodium carbonate of 1 p. c. seems in fact to play in 
pancreatic digestion a part altogether comparable to that of hydro- 
chloric acid *2 p. c. in gastric digestion. 

When isolated ferment, as the glycerine extract of pancreas, is ope- 
rated with, •! p. c. of free hydrocliloric acid is sufficient to aiTest the 
action. With distilled water the digestion goes on but very slowly, and 
the addition of sodium carbonate quickens the change, in j)roportion to 
the quantity added, up to about *9 or 1 *2 j). c. Beyond this, further alkali 
is a hindrance, and largo quantities stop the process altogetlier. Bile, 
which arrests peptic digestion, seems, if anything, favourable to pancreatic 
digestion \ 

Corresponding to this difference in the helpmate of the ferment, 
there is in the two cases a difference in the nature of the products. 
In both cases peptone is produced, and such differences as can at 
present be detected between pancreatic and gastric peptones are 
comparatively slight ; but in pancreatic digestion the bye product is 
not, as in gastric digestion, a kind of acid-albuiftiu, but a body having 
more analogy with a lkali-a.lbuan n. .. 

Before solution has actually taken place the fibrin becomes 
altered in character. It is soluble not only in dilute acids and alka- 
lis, but also in a 10 per cent, solution of sodium chloride, and the 
solutions obtained by the latter reagent are coagulablc on boiling 
and on the addition of strong nitric acid. The first action of the 
pancreatic juice therefore seems to be to convert the proteid under 
digestion into a body intermediate between alkali-albumin and ordi- 
nary native albumin. 

But though the general characters of pancreatic and gastric 
digestion are on the surface so similar, it is more than probable that 
profound differences do exist between them. This is shewn by the 
appearance, in the pancreatic digestion of proteids, of two remark- 
able nitrogenous crystalline bodies, leucin and tyrosin. When fibrin 
(or other proteid) is submitted to the action of pancreatic juice, the 
amount of peptone which can be recovered from the mixture falls 
far short of the original amount of proteids, much more so than in the 

^ Heldenhain, PflOger’s Archiv, z. (1875) 557. 
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case of gastric juice; and the longer the digestive action, the greater 
is this apparent loss. If a pancreatic digestion mixture be freed 
from the alkali-albumin by neutralization, and after concentration 
by evaporation be treated with excess of alcohol, most of the 
peplwne will be precipitated. The alcoholic filtrate when con- 
centrated, gives, on cooling, crystals of tyrosin, and the mother liquor 
from these crystals will aferd abundance of crystals of leucin. Thus 
by the action of the pancreatic juice a considerable amount of the 
proteid, which is being digested, is so broken up as to give rise to 
products which are no longer proteid in nature. From its decom- 
position there arise Icucin, tyrosin, and probably several other bodies, 
such as fatty acids and volatile substances. In gastric digestion such 
a complete destruction of proteid material occurs to a much less 
extent ; neither leucin nor tyrosin can at present be considered as 
natural products of the action of pepsin. 

As is well known, leucin and tyrosin are the bodies which make 
their appearance when proteids or gelatin are acted on by dilute 
acids, alkalis, or various oxidising agents. Now leucin is amido- 
caproic acid, and thus belongs distinctly to the fatty bodies, while 
tyrosin is a member of the aromatic group, being closely related to 
benzoic acid. So that in pancreatic digestion we have the large 
complex proteid molecule split up into its constituent fatty acid and 
aromatic molecules, and into its other less distinctly known com- 
ponents. 

The presence of these bodies and of the alkali-albumin in pancreatic 
juice is probably due to an intrinsic digestion taking i)lace in the secretion 
as it passes along the duct or after it has ])een collected. Among the 
supplementary products of pancreatic digestion may be enumerated body 
which gjve.^ violet coloun witli-chlorinc water (this reaction is often seen 
in the juice itself), and to which apparently the strong and peculiarly 

faBcal odour which makes its appearance during pancreatic digestion is due. 

Indol, however, unlike the leucin and tyrosin, is possibly not a product 
of pure pancreatic digestion, but of an accompanying decomposition due to 
the actioif of organised ferments. A j)ancreatic digestive mixture soon be- 
comes swarming with bacteria, in sjute of careful precautions, when 
natural juice or an infusion of the gland is used. When isolated ferment 
is used, and atmospheric germs excluded, no odour whatever is produced \ 
though carbonic acid and nitrogen are set free ; and Kiiline found no indol 
produced when pancreatic digestion was carried on in the presence of 
salicylic acid, which prevents the development of bacteria and like or- 
ganisms. 

After long-continued digestion, especially when accompanied by putre- 
factive decomj)osition, the amount of proteids which are carried beyond the 
j>eptone stage and broken up, may be very great. A slight diiference be- 
tween pancreatic and gastric ^gestion may be found in the fact, that while 
fibrin boiled as well as raw is readily acted on by pancreatic juice, boiled 
albumin, syntonin, &c. resist the action of pancreatic juice to a much 
greater extent than they do that of gastric juice. 

1 Httfner, J. /. PraH Chem. N. F. x. 1. 
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Theory of digMtive Proteolysia. The simplest view of peptic diges- 
tion is that of Briicke', that the fibrin or albumin, <feo. is first converted 
into syntonin (parapeptone), and that the syntonin (parapeptone) is converted 
into peptone ; and is moreover supported by the fact that the final result of 
digestion with a very active juice is nothing but peptone. There are facts 
however which shew that so simj^le a view cannot be accepted. Meissner® 
came to the conclusion, based on very laborious researches, that the con- 
version into syntonin was followed by the splitting up of that body into 
•p&ptone and parapeptone^ the latter being distinguished from ordinary syn- 
tonin not by its general characters, but by the fact that it was incapable of 
being further converted into peptone by the action of gastric juice, though 
it could undergo that change under the influence of pancreatic juice. He 
further described two subsidiary products, metapeptone and dyepeptone^ but 
the characters he assigned to those bodies were unsatisfactory. He more- 
over spoke of three kinds of peptone, Ay B and G peptone, the last not being 
precipitable, whilst the first two ai-e, by acetic acid and potassium ferrocyanide, 
^ in a weakly acid, B in a. strongly acid solution ; in other words, (7 is a 
perfect peptone and A and B arc imperfect peptones. Kiihno® is of opinion 
that every natural proteid consists of, and may be split up into, two elements, 
belonging to what he calls respectively the anti group and the hemi 
group. When a proteid is digested by trypsin^ such being the name which 
Ktlhne gives to the purified pancreatic ferment capable of acting on pro- 
teids, two peptones are j)roducod, an antipeptone and a liemipepUme. Of these 
the first, antipeptone, undergoes no further change under the action of trypsin; 
it remains a peptone. Hemipeptone on the other hand is readily decomposed 
by trypsin into leucin, tyrosin and the other products of pancreatic digestion. 
So also when a proteid is digested by pepsin, the same antipeptone and hemi- 
peptone are formed ; but, unlike trypsin, pepsin cannot produce any further 
change in the hemipeptone. (The assertion that leucin and tyrosin appear 
as products of peptic digestion, is explained by the fact that pepsin is associ- 
ated in the gastric membrane with a proteid body, which gives up consider- 
able quantities of leucin and tyrosin when dissolved in a dilute acid. Trypsin 
also is associated with a similar body in the pancreas.) Thus the results of 
peptic and tryptic digestion together are antipeptone with leucin, tyrosin, 
<kc., the latter arising fi-ora the profounder tryptic digestion of hemipeptone. 
Between these peptones however and the original proteid are various stages, 
and, under certain circumstances, various bye products. Thus antipeptone 
has for its antecedent oMialhumoae (Bracket’s parapeptone) agreeing in its 
general characters with the syntonins, but capable of conversion into anti- 
peptone only, never into hemipeptone. Similarly hemipeptone has an ante- 
cedent hemialburnoae (apparently Meissner’s A peptone) soluble in dilute acids 
and alkalis and in a 10 p. c. sodium-chloride sdution, and convertible, by 
the agency of pepsin or trypsin, into hemipeptone, and of trypsin alone into 
leucin, tyrosin, &c. The action of dilute hydrochloric acid at 40® on pro- 
teids gives rise, on the side of the hemi-gioup, to hemialbumose and so 
to hemipeptone. By the action of sulphuric acid at 100® C. the hemipeptone 
is further reduced to leucin, tyrosin, <fcc. On the side of the anti-group 
these agents give rise to a body which Ktlhne calls ardialhvmode. This 

1 Wien, Sitzunffshericht, saavii, 131, XLin. 601. 

s Zt /. Rat, Med, vii. 1, vin. 280, x. 1, xii. 46, xiv. 808, 

* Verhandl, Naturhist, Med. Vereins, Heidel, 1876. 
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substance also occurs in digestive mixtures where the pepsin is insufficient. 
It is not capable of any change under the influence of pepsin, but by trypsin 
is converted into antipeptone. It is evidently the real parapeptone of Meiss- 
ner. These results of Kiihne it will be seen reconcile some previous con- 
tindiptions ; and the distinction of the anti- and hemi-groups, if it prove 
as general as Kiihne supposes, throws a great light on proteid metabolism. 
It may be remarked, in passing, that hemialbumose agrees very closely with 
the peculiar proteid body discovered by Bence Jones in the urine of a case 
of osteomalacia. According to Kiihne, while the activity of trypsin is 
entirely destroyed by digestion with pepsin, trypsin has no such effect on 
pepsin. 

On the gelatiniferous elements of the tissues, unless they have 
been previously treated with acid or heated with water, pancreatic 
juice appears to have no solvent action. In this respect it affords a 
striking contrast to gastric Juice\ 

Trypsin, unlike pepsin, will dissolve mucin. Like pepsin, it is inert 
towards nuclein, horny tissues, and the so-called amyloid matter. 

On lats pancreatic juice has a twofold action: it emulsifle s 
them, and it splits up neutral fats into their _ respective, acids, and 
glycerine. 

If hog’s lard be gently heated till it molts and be then mixed 
with pancreatic juice before it solidifies on cooling, a creamy emul- 
sion, lasting for almost an indefinite time, is formed. So also when 
olive oil is shaken up with pancreatic juice, the separation of the 
two fluids takes place very slowly, and a drop of the mixture under 
the microscope shews that the division of the fat is very minute. 
An alkaline aqueous infusion of the gland has similar emulsifying 
powers. 

If perfectly neutral fat be treated with pancreatic juice, espe- 
cially at the body-temperature, the emulsion speedily takes on an 
acid reaction, and by appropriate means not only the corresponding 
fatty acids but glycerine may be obtained from the mixture. When 
an alkali is present, the fatty acids thus set free form their corre- 
sponding soaps. 

Pancreatic juice contains fats, and is consequently apt after collection 
to have its alkalinity reduced, and an aqueous infusion of a pancreatic 
gland (which always contains a considerable amount of fat) veiy speedily 
becomes acid. 

Thus pancreatic juice is remarkable for the power it possesses of 
acting on all the food-stuffs, on starch, fats and proteids. 

The action on starch and on proteids is certainly, and the splitting up 
of fatty acids is probably, due to the presence of distinct ferments, and 
Danilewsky* has suggested a method for isolating these three ferments, 

1 Ewald and Ktlhn©, Verhandl, NaturhUt Med. Vereiw^ Heidelberg. Bd. i. (1876). 

* Virchow’s Archive xrr. p. 279. 
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The emulsifying power, on the other hand, is connected with the general 
composition of the juice (or of the aqueous infusion of the gland), being 
probably in large measure dependent on the alkali-albumin present. The 
proteolytic ferment trypsin contains, according to Kiihne, a considerable 
quantity of nitrogen ; and the fact that it can be digested by pepsin ^oiild 
seem to indicate that it is really proteid in nature. There are no means 
of distinguishing the amylolytic ferment of the pancreas from ptyalin. 

The action of pancreatic juice, or of the infusion or extract of the 
gland, on starch, is seen under all circumstances, whether the animal 
be fasting or not. The same may probably be said of the action on 
fats. 

Pancreatic juice, when secreted in a normal state, is always active 
on proteids\ The glycerine extract or aqueous infusion of the 
gland, on the contrary, differs at different times ; prepared from an 
animal some 4 to 10 hours after food has been taken, it is very 
powerful; prepared from a fasting animal, it exhibits scarcely any 
action at all. To this point we shall return immediately. 


Succus Entericus. 

When, in a living animal, a portion of the small intestine is liga- 
tured, so that the secretions coming down from above cannot enter 
its canal, while yet the blood-supply is maintained as usual, a small 
amount of secretion collects in its interior. This is spoken of as the 
succus entericuSt and is supposed to be furnished by the glands of 
Lieberkiihn. We have no exact knowledge however as to what 
extent such a secretion takes place under normal circumstances; 
and the statements with regard to its action are conflicting. Thus it 
has been said to act on starch, to convert proteids into peptone, and 
to emulsify fats ; on the other hand, each of these actions has been 
denied. 

Thiry* divided the small intestine in two places at some distance 
apart. By tine sutures he united the lower end of the upper with the 
upper end of the lower section, thus as it were cutting out a whole piece 
of the small intestine from the alimentary tract. In successful cases, 
union between the cut surfaces took place, and a shortened but otherwise 
satisfactory canal was established. Of the isolated piece the lower end was 
carefully closed by sutures, while the upper was brought to the wound in 
the abdominal wall and secured there. A fistula was thus formed, leading 
into a short piece of intestine quite isolated from the rest of the alimentary 
canal. From this isolated intestine Thiry obtained a thin yellowish 
alkaline albuminous secretion which (^solved tib^ very much in the 
same way as does pancreatic juice, but was ine&ctual on uth^r proteids 
yid h ad no action on st arch . Kolliker and H. Mtiller found that proteids 
ihtr^uced into tEe intestines were digested in the case of carnivora, but 
not in the case of horbivora. Funke^ also agrees with Thiry that starch 


^ N. 0. Bernstein, Z.c. 


* Wien, Sit^ungabericht, l. 77. 


» Lehrb, p. 190. 
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injected into isolated loops of rabbit's intestine is not converted into sugar; 
while Frerichs and Busch came to the opposite conclusion. Certainly 
pieces of the intestine of the pig or of the rabbit, or a glycerine extract of 
the pieces, will rapidly convert starch into sugar; and it is difficult to 
suppose that this action is due to an admixture of pancreatic juice which 
had not been thoroughly removed by washing, since pieces of the intestine 
of the sheep, which are also subject to admixture with active pancreatic 
juice, are, when similarly treated, inert as far as starch is concerned. Still 
no great stress can be laid on this, since an amylolytic ferment can be 
obtained from almost every part of the body of a pig or a rabbit. 

Succus entericus has also been said to change cane- into grape- 
sugar, and by a fermentative action to convert cane-sugar into lactic 
acid, and this again into butyric acid with the evolution of carbonic 
acid and free hydrogen. 

Of the possible action of other secretions of the alimentary canal, 
as of the coecum and large intestine, wo shall speak when we come 
to consider the changes in the alimentary canal. 

Of the secretion of Brunner's glands we can only say that it is a viscid 
fluid containing mucus, which does not act on fats, and probably not on 
proteids. 


Sec. 2. The Act of Secretion in the case of the Digestive 
Juices, and the Nervous Mechanisms which regulate it. 

The various juices wdiose properties we have just studied, though so 
different from each other, arc all drawn ultimately fi om one common 
source, the blood, and they are poured into the alimentary canal, not 
in a continuous flow, but intermittently as occasion may demand. 
The epithelium cells which supply them have their periods of rest 
and of activity, and the amount and quality of the fluids which these 
cells secrete are determined by the needs of the economy as the food 
passes along the canal. We have therefore to consider how the 
epithelium cell manufactures its special secretion out of the ma- 
terials supplied to it by the blood, and how the cell is called into 
activity by the presence of food at some distance from itself, or by 
circumstances which do not bear directly on itself. In dealing with 
these matters in connection with the digestive juices, we shall have 
to enter at some length into the physiology of secretion in general. 

The question which presents itself first is. Docs the epithelium 
cell simply serve as a filter, merely draining off from the blood the 
already formed constituents of its secretion, each cell being fitted 
in some ww to catch and deliver particular substances? in other 
words, Is secretion merely selection, just as from a mixture of shots 
of various sizes a selection might be made by passing them over a 
scries of sieves with meshes of varying width ? or does the cell draw 
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the ganglion to the chorda and so to the gland. The ganglion, in fact, acted 
as a reflex centre. The same apparent reflex ^eoretion could also be induced 
but less readily by pinching the i>eripheral branches of the lingual near the 
tongue, or by dipping them into concentrated salt solution. In this case 
also the secretion failed to appear if the lingual roots of the ganglion ^were 
divided. Such a reflex secretion was very difficult to obtain by stimulation 
of the mucous membrane of the tongue; but Bernard was successful when 
he stimulated the tongue directly with a galvanic current or drew the 
tongue out and placed ether on its surface. The secretion in all these cases 
was accompanied by a dilation of the blood-vessels of the gland, and the 
cflect on the gland was indeed wholly similar to that of directly stimulating 
the chorda. Bernard further insisted that in these experiments no anajsthetics 
were to be used, and observed that the reflex effect was no longer visible 
when two or three days had elapsed after section of the conjoined lingual 
and chorda trunks. Both these facts rather militate against bis view, since 
it seems improbable that a sporadic ganglion should be susceptible of 
aneesthetics, or that degenemtiou and functional incapacity of the ganglion 
should follow upon section of the conjoined lingual and chorda so long as 
the afferent and efferent connections of the ganglion with the gland and 
tongue were kept up. 

Eckhard^ in repeating Bernard’s experiments failed to obtain any effect 
from dipping the endings of the lingual nerve in salt solution or from 
placing ether on the tongue, and he very naturally ai'gued (being sup- 
})orted in this by Heidonhain®) that the effects seen when galvanic stimu- 
lation was emi)loycd were due to an escape of the current upon the chorda 
fibres. Schiff® (lid obtain reflex secretion after section of the conjoined 
lingual and chorda, by direct galvanic stimulation of the tongue and by 
pouring ether on the surface of that organ; but the currents necessary in 
the first case to produce any effect were so strong that escape must liave 
taken place, and in the second case the secretion appeared even though the 
lingual was divided close under the tongue, and when therefore this 
nerve could not have been the channel for conveying impulses to the sub- 
maxillary ganglion. lie further pointed out tliat in large dogs at all 
events, certain fibres of the chorda after running along the conjoined 
lingual and chorda do not leave the lingual with the rest of the fibres going 
straight to the gland, but continue in the lingual close up to the tongue, 
then bend round and as recurrent fibres run back and eventually join the 
nerve going to the gland. He in consequence argued that Bernard in 
stimulating the lingual below the divergence of the chorda was in reality 
stimulating not afferent but efferent fibres. But in such a case, these 
recurrent fibres must pass to the chorda through the ganglion, if Bernard’s 
result be true that the reflex eff('ct ceases when the lingual roots of the 
ganglion are divided. Schiff further states, that these recurrent fibres 
degenerate in the retrograde i)ortion of their course when the lingual is 
divided near the tongue, and that no effect follows upon stimulation of the 
lingual after section of the conjoined chorda and lingual if the lingual have 
some five or six days previously been divided close to the tongue so as to 
cause degeneration of the recurrent fibres, provided that the stimulation be 

^ Zt.f. Bat. Med, xxix. (1867), p. 74. ® Breslau Studien, 1868/ 

^ Molesohott’s UjiterBuchungerit x. (1870) 423. 
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not so strong as to lead to an escape of the current to the main chorda 
fibres. In small dogs Schiff could not so readily demonstrate these recur- 
rent fibres, and though he says the apparent reflex secretion is more easily 
obtained in large dogs, such as Bernard i)robably used, than in smaller 
ones, jt is improbable that mere size should make such a difference in 
nervous distribution; and if an escape of current can explain the results 
in the one case it can also probably in the other. 

Bidder’s ^ account of the nerves of the ganglion at first sight offers support 
to Bernard’s views. In the dog he finds, passing from the ganglion direct to 
the tongue, nerves containing medullated fibres which do not degenerate when 
the chorda is divided. These fibres accordingly would seem to take their 
origin in the ganglion and to be the afferent nerves required for Bernard’s 
views. When Bidder divided the conjoined lingual and chorda, he found the 
chorda fibres after about three weeks completely degenerated, not only those 
forming the nerve going to the gland but also those constituting the 
branches going to the ganglion: — i,e, the chorda roots of the ganglion. 
In the ganglion and in the branches going from tlie ganglion to the gland 
were seen numerous degenerated fibres in the midst of undegenerated (but 
non-mcdullated) fibres which seemed to have their origin in the ganglion 
itself. Thus after complete degeneration of the true chorda fibres, there 
still remained* intact, (1) the ganglion, (2) fibres from the ganglion to the 
tongue, and (3) fibres from the ganglion to the gland, in fact, exactly the 
nervous mechanism demanded by Bernard’s view. But Bidder, like Eck- 
liard, failed to obtain a reflex secretion by pouring ether on the tongue after 
division of the conjoined lingual and chorda, and he found that galvanic 
stimulation of the nerves going from the ganglion to the tongue was of no 
effect, provided that errors duo to escape of current on to the main chorda 
fibres were avoided by previously inducing tlirough section degeneration of 
the chorda fibres including the chorda roots of the ganglion. Since this 
degeneration of the chorda fibres wiis unaccompanied by any degeneration 
of the ganglion itself or of the fibres j)assing from the tongue to the gan- 
glion, and most of the fibres passing from the ganglion to the gland still 
remained intact, Bernard’s explanation of his inability to get reflex secretion 
for more than a few days after section of the united lingual and chorda, 
is rendered insufficient; indeed the absence of all effect after degeneration 
of the chorda fibres has once been established shews that the ganglion is 
not the essential factor in his experiments, that in some way or other the 
chorda fibres must have themselves been directly stimulated. 

We have contrary to our wont given this controversy in detail on 
account of the great importance of the subject. The submaxillary ganglion 
is the only case in which it has been with any success attempted to demon- 
strate by experiment the reflex action of a sponulic ganglion, and the question 
whether sporadic ganglia can or cannot servo as centres of reflex action is 
at the present time at least a question of pressing interest. 

Stimulation of the glossopharyngeal is even more effectual than 
that of the lingual. Probably this indeed is the chief afferent nerve 
in ordinary secretion. Stimulation of the mucous membrane of the 
stomach (as by food introduced through a gastric fistula) or of the 
vagus also produces a flow, as indeed may stimulation of the sciatic, 

^ Reichert u, Du Bou-Rcymond^s Archiv, 1867, p. 1. 
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and probably of many other afferent nerves. All these cases are in- 
stances of reflex action, the cerebro-spinal system acting as a centre. 
In most cases the centre lies in the medulla oblongata, and secretion 
may be caused by direct stimulation of this organ ; where ideas or 
emotions cause a flow, the stimulation begins higher up in the brain ; 
and in cases where the sense of taste, as distinguished from general 
sensation, is concerned in the matter, it is probable that the afferent 
impulses ascend into the brain higher up than the medulla, before 
they return as efferent impulses. In all these cases the chorda 
tympani is the sole efferent nerve. Section of that nerve, either 
where the fibres pass from the lingual nerve and the submaxillary 
ganglion to the gland, or where it runs in the same sheath as the 
lingual, or in any part of its course from the main facial trunk to 
the lingual, puts an end at once (with the disputed exception men- 
tioned above) to the possibility of any flow being excited by stimuli ap- 
plied to the mouth, or any part of the body other than the gland itself. 

This statement is probably too absolute; for though satisfactory evi- 
dence of reflex excitation of the submaxillary gland by means of the sympa- 
thetic is not forthcoming, it seems unlikely that the secretory as distin- 
guished from the vaso-motor activity of this nerve should never be put to 
use in actual life. 

In life, then, the flow of saliva is brought about by the advent 
to the gland along the chorda tympani of efferent imprlses, started 
chiefly by reflex actions. The inquiry thus narrows itself to the 
question; In what manner do these efferent impulses cause the 
increase of flow? 

If in a dog a tube be introduced into Wharton’s duct, and the 
chorda be divided, the flow, if any be going on, is from the lack of 
efferent impulses arrested. On passing an interrupted current 
through the peripheral portion of the chorda, a copious secretion 
at once takes place, and the saliva begins to rise rapidly in the 
tube; a very short time after the application of the ciin'ent the flow 
reaches a maximum which is maintained for some time, and then, if 
the current be long continued, gradually lessens. If the current be 
applied for a short time only, the secretion may last for some time 
after the current has been shut off. The saliva thus obtained is but 
slightly viscid, and contains but few salivary corpuscles or proto- 
plasmic lumps. If the gland itself be watched, while its activity is 
thus roused, it will be seen that its arteries are dilated, and its 
capillaries filled, and that the blood flows rapidly through the veins 
in a full stream and of bright arterial hue, frequently with pul- 
sating movements. If a vein be opened, this large increase of flow, 
and the lessening of the ordinary dcoxygenation of the blood conse- 
quent upon the rapid stream, will be still more evident. It is clear 
that excitation of the chorda acts on some local vaso-motor centre 
in the gland, and largely dilates the arteries; it acts energetically 
as a dilator nerve. 
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Thus stimulation of the chorda brings about two events: a 
dilation of the blood-vessels of the gland, and a flow of saliva. 
The question at once arises, Is not the latter simply the result of the 
former? The activity of the epithelial secreting cell, like that of 
any dther form of protoplasm, is dependent on blood-supply. When 
the small arteries of the gland dilate, the capillaries become fuller, 
more blood passes through them in a given time, a larger amount of 
nutritive material passes away from them into the surrounding 
lymph-spaces, and so into the epithelium cells (and it must bo 
remembered that though by the dilation the pressure in the ar- 
teries of the gland is diminished, that of the capillaries and veins 
is increased), the result of which must be to quicken the processes 
going on in the cells, and to stir these up to greater activity. This 
must be so; but it does not necessarily follow that the activity 
thus excited should take on the form of secretion. It is quite pos- 
sible to conceive that the increased blood-supply should lead only 
to the accumulation in the cell of the constituents of the saliva, 
or of the materials for their construction, and not to a discharge 
of the secretion. A man works better for being fed, but feed- 
ing does not make him work in the absence of any stimulus. 
The increased blood-supply therefore, while favourable to active 
secretion, need not necessarily bring it about. Moreover, the fol- 
lowing facts deserve attention. When the chorda is energetically 
stimulated, the pressure acquired by the saliva in the duct exceeds 
the arterial blood-pressure for the time being; that is to say, the 
pressure of fluid in the gland outside the blood-vessels is greater 
than that of the blood inside the blood-vessels. This must, what- 
ever be the exact mode of transit of nutritive material through 
the vascular walls, tend to check that transit. Again, if the head 
of an animal be rapidly cut off, and the chorda immediately stimu- 
lated, a flow of saliva takes place far too copious to be accounted 
for by the emptying of the salivary channels through the contraction 
of their walls. In this case secretion is excited in the absence of 
blood-supply. Lastly, if a small quantity of atropin be injected 
into the veins, stimulation of the chorda produces no secretion 
of saliva at all, though the dilation of the blood-vessels takes 
place as usual. This remarkable fact can only be accounted for 
by supposing that the chorda contains two sets of fibres, one 
secreting fibres, acting directly on the epithelium cells only, and the 
other vaso-motor or dilating fibres, acting on the blood-vessels only, 
and that atropin, while it has no effect on the latter, paralyses the 
former just as it paralyses the inhibitory fibres of the vagus. These 
facts, and especially the last, clearly prove that when the chorda is 
stimulated, there pass down the nerve, in addition to impulses 
affecting the blood-supply, impulses affecting directly the proto- 
plasm of the secreting cells, and calling it into action, just as similar 
impulses call into action the contractility of the protoplasm of a 
muscular fibre. Indeed the two things, secreting activity and con- 

14—2 
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tracting activity, are quite parallel. We know that when a muscle 
contracts, its blood-vessels dilate; and just as by atropin the secreting 
action of the gland may be isolated from the vascular dilation, so 
by urari muscular contraction may be removed, and leave dilation 
of the blood-vessels as the only effect of stimulating the mub"cular 
nerve. In both cases the greater flow of blood is an adjuvant to, 
not the exciting cause 9f, the activity of the protoplasm. 

If the chorda acts thus directly on the secreting cell, there must he 
a physiological and probably an anatomical connection between the cell 
and the nerve-fibre. Although Pfliiger’s^ observations as to the actual mode 
in which the nerves end in the gland have not been generally acce})te(l, 
nerve-fibres have been traced to the exterior of the alveoli, and Kupffer® 
has shewn that in the salivary glands of Blatta, the nerve-fibres certainly 
pass into the protoplasm and appai-ently end in the nuclei of the cells. 

When the cervical sympathetic is stimulated, the vascular effects 
arc the exact contrary of those seen when the chorda is stimulated. 
The small arteries are contracted, and a small quantity of dark 
venous blood escapes by the vein. Sometimes, indeed, the flow 
through the gland is almost arrested. The sympathetic therefore 
acts as a constrictor nerve, and in this sense is antagonistic to the 
chorda. We have already referred to the probable existence of a 
local vaso-motor centre situated in the gland itself, in which indeed 
there are found ganglionic cells in abundance. The fact '■diat section 
of the cervical sympathetic does not cause complete dilation of the 
vessels of the gland — the dilating effects of stimulation of the chorda 
being fully evident after previous section of the sympathetic — 
affords additional support to this view. We may accordingly state 
that, while the chorda tympani inhibits, the sympathetic exalts, the 
action of this local centre. 

The antagonism between the two, as far as the blood supply is con- 
cerned, is very impei-fect, the sympathetic bemg the move ])owerful; thus 
btimuLition of the chorda produces very little effect in altering the results 
of a concomitant strong stimulation of the sympathetic®. 

The effects on the flow of saliva from the submaxillary gland of 
the dog brought about by stimulation of the sympathetic, are very 
peculiar. A slight increase of flow is seen, but this soon passes off, 
and what saliva is secreted is remarkably viscid, of higher specific 
gravity, and richer in corpuscles and protoplasmic lumps, and it is 
said to be more active on starch than the chorda saliva^ This action 
of the sympathetic is not affected by atropin. 

Czermak* was the first to point out that the effect of chorda stimu- 
lation was hindered by a concomitant stimulation of the sympathetic ; and 

1 Strieker’s Jlistology^ Syd, Soc. Trans. Art. Salivary Glands (by Pfliiger). 

* Ludwig’s Festyahe, p. Ixiv. * Frey, Ludwig’s ArbeiteUj 1870, p. 89. 

* Eckhard, lieitrdge^ ii. (1860), p. 81. ni. (1864), p. 39. 

® Wien. Sitzungeberichte, xxv. (1867), p. 3. 
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Kiihne^ observed that no flow at all took place, when both nerves were 
simultaneously stimulated with minimum currents, i.e. witli cuiTents 
which applied to either nerve separately were just sufficient to ])roduce an 
obxious flow ; each nerve in fact seemed to be the antagonist of the other. 
Most^observcrs agree that when both chorda and sympathetic are stiinu- 
latod at the same time with strong currents, the action of the chorda, 
contrary to what takes place as far as the blood-supply is concerned, prevails 
as far as secretion is concerned, i,e. the flow is copious and watery. 
Heidenhain* found that when the stimulation of the sympathetic was 
continued (t.e. repeated stimulations with brief intervals) for some time 
the secretion, at first viscid, eventually became watery like chorda saliva, 
and that the effect of a prolonged stimulation of the chorda was to lessen or 
annul the effect of any sympathetic stimulation immediately following. 
He also remarked, as Ludwig and Becker® bad already obsoiwod in the case 
of chorda stimulation, that after prolonged (intermittent) stimulation of 
either nerve the percentage of solids in the saliva diminished, the deficit 
falling ]nucli more on the organic than on the inorganic constituents. These 
various facts not only afford additional evidence that the secretory activity 
of the salivary nerves is something distinct from their vaso-motor activity, 
but also go far to prove that the sympathetic as well as the chorda acts 
directly on the nerve-cells, and that its effects cannot be ex])lained by 
reference to any indirect action. But they do not leave the matter in a 
satisfactory condition, Heidenhain distinguishes two j>roces8es in the act 
of secretion of saliva: a formation or rather a discharge of mucus {i,e, the 
conversion of the mucus of the mucous cells into a more soluble form) and 
a secretion of fluid; and he believes that these two proccisses are governed 
by separate fibres, both kinds of fibres being present in both chorda and 
sympathetic, but the “mucus-forming” fibres ])redominant in the sympa- 
thetic and the “fluid-secreting” fibres in the chorda. To reconcile his view 
with facts he is further obliged to supj>ose, in analogy with the corre- 
sponding views concerning vaso-dilator and vaso-constrictor fibres, that th(j 
mucus-forming fibres are more readily exhausted than the other kind. It 
is worthy of notice that though in the dog sympathetic saliva is undoubt- 
edly more viscid than chorda saliva, in the cat the very opposite liolds 
good^; and that in the cat atropin, unlike the case of the dog, prevents the 
sympathetic secretion. In the rabbit, the chorda saliva of which, unlike 
that of the dog, is entirely free from mucus, the sympathetic saliva, though 
scanty, is also free from mucus. 

Bernard* observed that after section of all the nerves going to the 
gland, a continuous and fairly copious secretion of a watery saliva soon set 
in and continued for some time. Heidenhain® observ(id the same thing, 
the continuous flow beginning from four to twenty-four hours after section 
of the nerves, soon reaching a maximum and after some weeks d(icr(»asing 
again as regeneration of the nerves took place. During this ‘paralytic 
secretion,* as it is called, the gland diminishes in size, and in some cases 
where the nerves are not restored appears to undergo degeneration. A 

^ Lehrb. p. 5 (1866). ® Breslau. Studien^ rv. (1868). 

3 Zt. f. Hat. Med. i. 278. 

^ Langley, J. N., from an unpublished research. 

« Robin’s Journal de VAnat. et de Ui Fhysiolog. l (1864), p. 611. 

® Op. c/f. 
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paralytio secretion also appears if the chorda only be divided; and nrari-poi* 
w>ning‘ produces a similar flow. The paralytic secretion is watery but con- 
tains both mucin and salivary corpusdes. The mechanism of its pi*oduction 
is obscure, but Heidenhain observed a simDar continuous secretion to result 
when the duct of the gland was kept ligatured for twenty-four hours and 
then opened. Heidenhain also observed that when the nerves of the gland 
on one side were cut, a paralytic secretion appeared in the gland of the 
other side also. 

The natural reflex act of secretion may bo inhibited, like the reflex 
action of the vaso-motor nerves, at its cerebral centre. Thus when, 
as in the old rice ordeal, fear parches the mouth, it is probable that 
the afferent impulses passing from the mouth cease, through emotional 
inhibition of their reflex centre, to give rise to efferent impulses. 

The history of the submaxillary gland then teaches us that secre- 
tion in this instance is a reflex action, the efferent impulses of 
which directly affect the secreting cells, and that the vascular phe- 
nomena may assist, but are not the direct cause of the flow. We 
have dwelt long on this gland because it has been more fruitfully 
studied than any other. The nervous mechanisms of the other 
secretions may be passed over much more rapidly. 

In the parotid gland a flow is caused by stimulation of the au- 
riculo-temporal branch of the fifth nerve. 

The active fibres in this nerve probably spring from the facial, passing 
through the lesser superficial petrosal nerve and the otic gang*.on. Stimu- 
lation of the sympathetic also causes a slight flow, but the saliva in this 
case is not viscid. Eckhard® failed, in the jjarotid of the sheep, to get any 
effect, whatever nerve he stimulated. 

The presence of food in the stomach causes a copious flow of 
gastric juice. The quantity secreted in man in the twenty-four 
hours has been calculated at from 13 to 14 litres. When the gastric 
mucous membrane is stimulated mechanically, as with a feather, 
secretion is excited : but to a very small amount. A dilute alkali 
seems to be the most energetic local stimulus; thus the swallowing 
of saliva at once provokes a flow of gastric juice. During fasting the 
gastric membrane is of a pale grey colour; during digestion it be- 
comes red and flushed, and to a certain extent tumid. The secretion 
of gastric juice therefore seems to be accompanied by vascular dila- 
tion in the same way as is the secretion of saliva. 

Seeing that, unlike the case of the saliva, food is brought into 
the immediate neighbourhood of the secreting cells, it is exceedingly 
probable that a great deal of the secretion is the result of the working 
of a local mechanism. Nevertheless, since the flow of gastric juice 
may be excited or arrested by events in distant parts, as by emotions, 
the gastric membrane must be in some way or other brought into 
relation with the central nervous system ; and probably future in- 
quiries will disclose a mechanism as complete as that of the sub- 
^ Bernard, Op. eit. * Ueitrdge^ vii. X61. 
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TYiaxillary gland. At present, however, the matter is very imperfectly 
known. 

Kiitherford* found that the gastric membrane, flushed during digestion, 
became pale when the vagi were cut. Stimulation of the central end of 
eithei^ vagus caused a reddening of the gastric membrane, but stimulation 
of the j)eripheral end produced no constant efiect. From these results 
we may infer that afferent impulses pass up the vagus and by inhibit- 
ing in the medulla the vaso-motor centre governing the gastric blood- 
vessels, cause a dilation of the latter. The efferent impulses evidently do 
not descend by the vagus; probably therefore their path is along the sym- 
pathetic. After division of both vagi, gastric juice of normal acidity and 
peptic power continues to be secreted. The same occurs after division of 
both splanchnic nerves, and even after extirpation of the cceliac ganglion. 

When tho acid contents of the stomach are poured over the 
orifice of the biliary duct, a gush of bilo takes place. Indeed, stimu- 
lation of this region of tlie duodenum witli a dilute acid at once calls 
forth a flow, whereas alkaline fluids so applied have little or no effect. 
This, probably, is a reflex action leading to the contraction of the 
muscular walls of the gall-bladder and ducts, accompanied by a 
relaxation of the sphincter of the orifice ; it refers therefore to the 
discharge rather than to the secretion of bile. 

When the secretion of the bile is studied by means of a biliary 
fistula (which, however, probably induces errors by the total with- 
drawal from tho body of the bile which should naturally flow into 
the intestine), it is seen to rise rapidly after meals, reaching its 
maximum in from four to ten hours. There seems to be an im- 
mediate, sudden rise when food is taken, then a fall, followed 
subsequently by a more gradual rise up to the maximum, and ending 
in a final fall. It is exceedingly probable that these variations are 
due to the action of tho nervous system, but the exact nature of the 
nervous mechanism is unknown. 

Stimulation of the splanchnica causes an increase in the flow from a 
biliary fistula, but this is probably due to contraction of the bile-ducts. 

Rutherford* finds that the injection of various substances, ipecacuanha, 
podophyllin, <k^c., into the duodenum causes an increase in the actual secre- 
tion, but the manner of the increase is not yet explained. 

Unlike the case of saliva, the pressure under which the bile is 
secreted never exceeds that of the blood, and is in general very low. 
When a water manometer is connected with the gall-bladder of a 
guinea-pig, the ductus choledochus being ligatured, the fluid may 
rise in the manometer to about 200 mm. (equivalent to about 16 
mm. mercury), but not much beyond. If water be poured into the 
open end of the manometer so as to raise the pressure much above 
200 mm., resorption into the circulation takes place, and the fluid in 
the manometer sinks to, or even below, the normal level®. The 

1 Phil, Trans. Edin, xxvi. (1870). • Joum. Anat. Phys, x. sa. (1876, 77). 

* Friedlander u. Barisch (Heideaham) Du Bois-Beymond’s ArchiVf I860, p. 646. 
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quantity secreted in man in the 24 hours heis been estimated 
roughly at about 10 kilos, but the calculations are based on very 
imperfect data. 

The relation of the nervous system to the secretion of the pan- 
creatic juice has been studied rather more fully. N. O. Berns?tciu* 
finds that in the dog the secretion, after food has been taken, follows 
the curve given in Fig. 37. There is a sudden maximum rise im- 



Fio. 87. Dugium illustrating the influence or Food on the Bbcretion of 
Pancreatic Juice. (N. O. Bernstein.) 

The absoissiB represent hours after taking food; the ordinates represent in c. e. 
the amount of secretion in 10 min, A marked rise is seen at B immediately after food 
was taken, with a secondary rise between the 4th and 5th hours afterwards. Wliere 
the line is dotted the observation was interrupted. On food being again given at C, 
another rise is seen, followed in turn by a depression and a secondary lise at the 4t]i 
hour. A very similar cur\e would represent the secretion of bile. 

mediately after food has been taken. This must be due to nervous 
action. Then follows a fall, after which there is, as in bile, a second- 
aiy rise, the causation of which may, or may not, be nervous in 
nature. The quantity secreted in 24 hours by man has been calcu- 
lated at 300 c. c. Like the salivary glands, the pancreas while 
secreting is flushed, through dilation of its blood-vessels. 

According to N. O. Bernstein, the secretion is at once stopped by nausea 
or vomiting. Section of the vagus stops the secretion for a short time; it 
soon however recommences. Stimulation of the central vagus causes an 
arrest lasting for some time after the stimulus has been removed. It is 
probable therefore that the arrest of secretion during vomiting is due to 

1 Ludwig’s Arheiteni 1860. 
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afferent impulses ascending the vagus and descending hy some other 
channel. If all the nerves going to the pancreas around the pancreatic 
artery be severed as completely as possible, a continuous paralytic flow, 
not increased but rather diminished by food, and very slightly if at all 
hindered by nausea or stimulation of vagus, is brought on. Heidonhain^ 
states that stimulation of the medulla oblongata causes an increased flow. 

With regard to the SUCCUS entericus our infoimation is very 
limited. Thiry® found that in the isolated intestine the secretion 
was not a constant one, but needed for its production some stimulus 
(mechanical or other) which probably acted in a reflex manner. 

Moreau® found that after section of the nerves going to a piece of 
intestine isolated after Thiry’s method, a copious flow of a dilute intestinal 
juice takes place. Tliis is altogether comi)arable to the paralytic flow of 
saliva and pancreatic juice. 

Thus, while the influence of the nervous system is in the case 
of the submaxillary gland tolerably clear, in the case of the other 
secretions we have much yet to learn, and must rest rather on 
the analogy with the subinaxillary gland, than on any known facts. 
We cannot, however, go far wrong, if we conclude that in all cases 
secretion is essentially due to an increase in the activity of the 
epithelium cells, and that variations in the blood-supply have a 
secondary effect only. 

It must however bo borne in mind that substances brought to the 
secreting cell by the blood may possibly act as chemical stimuli of its 
protoplasm, just as certain chemical substances may stimulate a muscular 
fibre to contraction in tlie absence of all nerves. Thus any substaiico, such 
as a therapeutic drug, may afiect any given secretion, in various ways, 
viz. (1) by dilating the blood-vessels and increasing the blood-supply, (2) by 
acting as a direct chemical stimulus on the protoplasm, (3) by exciting se- 
cretion in the cell through reflex action of the nervous mechanism belong- 
ing to the cell, (4) by acting directly on the nervous centre of that mechan- 
ism. We shall return to these questions when we come to speak of the 
secretion of urine. 

We are now in a position to attack the second problem. What is 
the exact nature of the activity which is thus called forth ? 

We learn from the researches of Heidenliain^ that eacli 
secreting cell of a pancreas of an animal (dog) which has been 
fasting for 30 hours or more consists of two zones : an inner zone, 
next to the lumen of the alveolus, which is studded with fine 
granules, and a smaller outer zone, which is homogeneous or marked 
with delicate striae. Carmine stains the outer zone easily, the 
inner zone with difficulty. The nucleus, more or less irregular 
in shape, is placed partly in the one and partly in the other 
zone. When however the pancreas of an animal in full digestion 
(about six hours after food and onwards) is examined, the outer 

1 PflUger’s Archiv, x. (1876) 667. * Wien, Sitzungsbericht. L. p. 77. 

^ CentrhU Med* WUs,, 1868, p, 209, * Op, cit. 
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homogeneous zone is found to be much wider, the granular inner 
zone being correspondingly narrower, and in some cases actually dis- 
appearing. The whole cell is smaller, and owing to the relatively 
larger size of the outer zone, stains well. The nucleus is spherical 
and well formed. If the pancreas be examined at the end of diges- 
tion, the outer zone is again found to be narrow, the granular inner 
zone occupying the greater part of the cell, which in consequence 
stains with difficulty; and the whole cell has once more become 
larger. There seems to be but one interpretation of these facts. 
During the time that the pancreas is secreting most rapidly, there is a 
diminution of the inner zone ; that is to say, the inner zone furnishes 
material for the secretion. But while the inner zone is diminishing, 
the outer zone is increasing, that is to say, the outer zone is being 
built up again out of materials brought to it from the blood, though 
not to such an extent as to prevent the whole cell from becoming 
smaller. When digestion is ended, after the pancreas has ceased 
to secrete, the inner zone again enlarges, evidently at the expense of 
the outer zone, though the latter also continues to increase, causing 
the whole cell to become bigger. From thence till the next meal, 
there occurs a partial consumption of the inner zone, so that the 
outer zone becomes more conspicuous again, though the whole cell 
becomes smaller. Evidently the outer homogeneous zone is formed 
at the expense of the blood, the inner granular zone at the expense of 
the outer zone, and the secretion at the expense of the in ler zone. 

Kiihne and Lea^ observing, under the microscope, the pancreas 
of the living rabbit, have been able to watch the actual process of 
secretion ; and their results, while they extend, in the main corro- 
borate those of Heidenhain. In the quiescent pancreas of the rabbit, 
the cells are for the most part filled with granules, the transparent 
outdV zone being reduced to small dimensions; the outlines of the 
individual cells are very indistinct with the margins of the alveoli 
smooth ; and the blood-supply is scanty. Upon secretion being set 
up, the margins of the active alveoli become indented through a bulg- 
ing of their constituent cells, the outlines of which now become dis- 
tinct ; the granules retreat towards the inner zone, bordering on the 
cavity of the alveolus, and as secretion goes on, evidently diminish in 
•number, the whole cell becoming hyaline and transparent from the 
outer border inwards ; while the blood-vessels dilate largely, and the 
stream of blood through the capillaries becomes full and rapid. 

We have already seen, p. 204, that in order to obtain an actively 
proteolytic aqueous pancreatic extract, the animal must be killed 
during full digestion. This statement now requires modification. 

If the pancreas of an animal, even in full digestion, be treated, 
while still warm from the hody^ with glycerine, the glycerine extract 
is inert or nearly so as regards proteid bodies. If, however, the same 
pancreas be kept for 24 hours before treating with glycerine, the gly- 

^ Verhandl. NaturhUt. Med. Vereiiis, Heidelberg, Bd. z. (1877) Hft. 5. 
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cerine extract readily digests fibrin and other proteids in the presence 
of an alkali. If the pancreas, while still warm, be rubbed up in a 
mortar for a few minutes with dilute acetic acid, and then treated with 
glycerine, the glycerine extract is strongly proteolytic. If the glyce- 
rine extract obtained without acid from the warm pancreas, and 
therefore inert, be diluted largely with water, and kept at 35® C. 
for some time, it becomes active. If treated with acidulated in- 
stead of distilled water, its activity, as judged of by its action on 
fibrin in the presence of sodium carbonate, is much sooner developed. 
If the inert glycerine extract of warm pancreas be precipitated with 
alcohol in excess, the precipitate, inert as a proteolytic ferment when 
fresh, becomes active when exposed for some time in an aqueous 
solution, rapidly so when treated with acidulated water. These facts 
shew that a pancreas taken fresh from the body, even during full 
digestion, contaifis bat little ready-made ferment, though there is 
present in it a body which, by some kind of decomposition, gives 
birth to the ferment They further shew that though the presence of 
an alkali is essential to proteolytic action of the actual ferment, the 
formation of the ferment out of the body in question is favoured by 
the presence of an acid. To this body, this mother of the ferment, 
Heidenhain has given the name of Zymogen^* It has not at pre- 
sent been satisfactorily isolated. 

Hence, in judging of the functional activity of the pancreas 
under various circumstances, we must look to not the ready-made 
ferment, but the ferment-giving zymogen. And Heidenhain has 
made the important observation that the amount of zymogen in a 
pancreas at any given time rises and sinks pari passu with the 
granular inner zone. The wider the inner zone, the larger the 
amount of zymogen ; the narrower the zone, the smaller the amount ; 
and in the cases of so-called paralytic secretions from old-established 
fistulje, where the juice is wholly inert over proteids, the inner 
granular zone is absent from the cells. Evidently so far from the 
proteolytic ferment being simply drained off from the blood, in the 
first place the actual ferment is formed in the pancreas out of the 
zymogen, and in the second place the zymogen of the inner granular 
zone is formed in the cell itself out of the homogeneous outer zone. 
We have in fact two distinct processes to deal with : (1) the manu- 
facture of zymogen ; this is part of the growth or nutrition of the 
coll, and is slow and continued ; (2) the splitting up or conversion of 
the zymogen into the proteolytic ferment ; this is the real act of 
secreting, and is intermittent and rapid ; this is the form of activity 
which can be called forth by nervous impulses, the form of activity 
which is comparable to a muscular contraction. 

The thought at once suggests itself that the aj^poarance of an acid in 
the protoplasm of the cell under circumstances similar to those which give 

1 Or zymogen may be reserved as a generic name for ‘mother of ferment;* in 
that case the particular mother of the pancreatic proteolytic ferment might be called 
tryj^sinogen. 



220 MECHAFISM OF SECRETIOF. [Book ii. 

rise to the acid formed during muscular contraction, might be the imme- 
diate cause of the zymogen becoming converted into ferment. 

In the case, then, of the proteolytic ferment of the pancreas we 
have striking proof that the process of secretion, both in its prepara- 
tory and executive stages, is a laborious, active, manufacturing* func- 
^tion of the cell, and not simply a passive, selective, filtering function. 
*How far this is also true of the other ferments of the pancreas, and 
of the active constituents of the other digestive juices, cannot at pre- 
sent be authoritatively affirmed, but we have, both in the' case of the 
stomach and of the salivary glands, facts pointing very distinctly in 
that direction. 

In the gastric glands of a starving animal, the central (as distin- 
guished from the ovoid or ‘peptic’) cells are pale, and finely granular, 
and do not stain readily with carmine and other dyes. During gastric 
digestion, the same cells are found crumpled, darker, and more 
granular ; they stain much more readily. This is true, not only of 
the central colls of the so-called peptic glands, but also of the cells of 
which the so-called mucous glands are exclusively built up. (The 
ovoid or peptic cells themselves during digestion appear swollen, and 
project more on the outside of the gland, but otherwise appear un- 
changed.) Evidently, during digestion, the central cells become 
loaded with a granular, more deeply staining proteid material, which 
probably arises from a transformation of the protoplasm of the cells. 

In the mucous glands sucli as those abundant in the pyloru there is seen 
in the lumen also of the gland a granular material, which, since it makes 
its aj)iKUirance after the mechanical stimulation of the membrane of aii 
empty stomach, cannot, when it occurs during digestion, be regarded as 
simply digested food about to be absorbed. TJie granular cliaracter of 
the cells themselves therefore must also come from within, and cannot be 
duo to material absorbed from the cavity of the stomach. 

It will be observed that the phenomena of the gastric colls are different 
from those of the pancreatic cells. In the case of the pancreatic cell it is 
the part of the cell which contains the grannies which does not stain 
readily; and the granules make their appearance during rest, and disappear 
upon stimulation. In the case of gastric central cells, it is when the cell 
becomes loaded with granules that it stains most deeply, and it becomes 
loaded with granules not during rest but during stimulation, or at least 
when, the stomach is digesting. The observations of Kiiline and Lea shew 
that in the pancreas the granules are actually used up to form the secretion. 
If in the gastric cell the granules are really elements of the secretion, they 
must during active digestion be formed more rapidly than they are used 
up, and must cease to be formed as the work of digestion languishes. 

We have a certain amount of, but not wholly satisfactory, evidence of the 
existence of a mother of pepsin, or ])epsinogen, comparable to the pancreatic 
zymogen. There has been a gi*eat dispute as to whether the pyloric end of 
the stomach, that containing the so-called mucous glands only, has peptic 
powers. The reconciliation of contradictory statements may perhaps be 
found in the fact*, that while the glycerine extract of the fresh pylorus, 

1 Ebstein and Griitzner, PflUger’s Archive vni. (1874), p. 122. 
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even in the presence of free hydrochloric acid, is inert, care being taken to 
avoid admixture with the secretion of the cardiac end, an acid infusion of 
the same part rapidly becomes peptic. It would seem as if here, as in the 
case of zymogen, an acid is favourable to the conversion of the pepsinogen 
into j^epsin. Api)arently however, pepsinogen differs from zymogen in 
being insoluble in glycerine, while the latter is, as we have seen, freely 
soluble in that fluid. The subject requires to be more fully worked out. 

We may therefore with good reason suppose that pepsin is 
formed by the direct activity of the gastric cells; and in that case 
the pepsin which is present in bloody in muscle and in urine*, is not 
the source of the pepsin in the gastric juice, but is already-used 
pepsin reabsorbed from the stomach and intestine, and on its way 
to be discharged from the body. The formation of the free acid of 
the gastric juice is very obscure. It seems natural to suppose tliat 
it arises in some way from the decomposition of sodium chloride, 
but nothing definite can at present be stated as to the mechanism of 
that decomposition, or as to what are the mutual relations between 
the genesis of the acid and that of the pepsin. 

If the reaction of the mucous membrane of the stomach be tested at 
different depths fj’oin the surface, as in the long tubular glands of a bird, it 
will be seen that the acidity is confined to the upper portion, indeed to 
the mouths, of the glands. So also when ])otassiiim ferrocyanide and an 
iron salt are injected into the veins, a blue colour is developed only on the 
surface of the mucous membrane, and not in the depths of the gland, 
shewing that an acidity sufficient to allow of the development of the blue 
is present only at the surface. These facts are opposed to Hoidenhaiu’s 
suggestion, that while the c('nti*al cells manufacture pe))sin, the large ovoid 
(peptic) cells (which lie chiefly in the middle of the gland) are given up to 
the production of acid^. 

In the case of some of tlie salivary glands, for instance the sub- 
maxillary gland of the dog, the simpler events leading to the appear- 
ance of the ferment are obscured by processes having apparently for 
their object the production of mucus. When a section is prepared of 
a resting submaxillary gland of the dog, i.e, of a gland which for 
some time has not been actively secreting, the cells of the alveoli are 
found not to stain readily with carmine; and this lack of staining ap- 
pears to be due to the fact that the greater part of the protoplasm of 
the cells has become converted into a mucin-bearing substance, only 
a small portion of unchanged protoplasm, easily staining with car- 
mine, remaining round the nucleus. In addition to these ‘ mucipa- 
rous cells’ are seen a number of smaller half-moon-shaped (demilune) 
cells, the protoplasm of which stains dcejfly with carmine. These 

1 The presence of pepsin in blood is ono reason wliy boiled fibrin should bo used in 
peptic experiments rather than raw. The boiling destroys the pepsin clinging to the 
fibrin. 

^ Briicke, Molescbott’s Untersuch, vi. 479. 

® Of. however Swiecicki, Pfitlgor’s Archiv, xni. (1876) p. 444. Partscb, Archiv /. 
Micros, Anat, xiv. (1877) 179. 
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half-moon cells, which lie outside the muciparous cells, between them 
and the basement membrane, are apparently young cells, frequently 
possess two or more nuclei, and in general seem to be in a state of 
active growth and multiplication. 

When similar sections are prepared from glands which hav€f been 
thrown into long continued activity by stimulation of the chorda, the 
muciparous portion of the alveolar cells, that portion which does 
not stain rapidly, is found to have diminished, and the protoplasmic 
staining portion to have increased in quantity in proportion to the 
amount of stimulation. In some cases no muciparous cells can 
anywhere be seen ; all the cells are alike composed of protoplasm, 
and all stain deeply. It has been disputed whether a muciparous cell 
simply discharges its mucin, the removal of the mucin being followed 
by a growth of the protoplasm round the nucleus, to be in turn fol- 
lowed by a new development of mucin, the same cell thus forming 
and discharging mucin again and again ; or whether the whole cell 
goes to pieces at the time it discharges the mucus, its place being 
taken by one of the half-moon cells, which grows up rapidly for that 
purpose. In all probability both events occur at least after prolonged 
stimulation, the simple discharge of mucus and regeneration of the 
cell being analogous to what takes place in the pancreas, while the 
substitution of the young half-moon cell, in place of the old disinte- 
grated muciparous cell, being something special to the submaxillary 
gland. 

When a flow of saliva is brought by stimulation of the sympathetic 
similar changes may be observed, and they are also seen, though to a less 
extent, in the case of a paralytic secretion*. In the submaxillary gland of 
the rabbit no such muciparous cells are to be seen, and no obvious difier- 
ences have as yet been discovered between the cells of the gland at rest 
and those of the gland at work. If changes similar to those seen in the 
pancreas do take place, they are not such as can be readily seen in sections 
of prepared glands. 

The submaxillary gland of the dog may be taken as a type of what have 
been called ‘mucous glands’, from the presence of muciparous cells in th(i 
gland, and mucin in the secretion. The submaxillary gland of the rabbit 
may be taken as a type of what have been called ‘serous glands,’ from the 
absence of muciparous cells in the gland, and of mucin in the secretion. 
Some glands, such as the submaxillary of man, may be regarded as mixed 
glands ", i,e. partly mucous and partly serous. 

What relation these changes bear to the production of the amy- 
lolytic ferment is unknown; it must, however, be remembered, as 
we stated above (p. 187), that the amylolytic ferment is in many 
animals absent, and in all a subordinate constituent of the secretion. 

Relying on the analogy of the pancreas, we may fairly assume 
that the secretion of even such a complex fluid as the bile, is in the 
main the result of the direct metabolic activity of the protoplasm of 

1 Heidenhain, op. ciU 

• Cf. Lavdowsky, Archivf, Microt, AmU xm. (1877), 281. 
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the hepatic cells. And this view is supported by the fact that after 
extirpation of the liver, no accumulation of the biliary conKstituents 
is observed to take place during the fow hours of life remaining to 
the animal after the operation. Still the great complexity of the 
secretion introduces several very important considerations. In the 
first place, the liver, unlike the other digestive glands, has a double 
supply of blood ; and vain attempts have been made to settle by 
direct experiment the question whether the hepatic artery or the 
vena portse is the more closely concerned in the production of bile. 
Ligature of the hepatic artery has sometimes had no effect on the 
secretion, sometimes has interfered with it. Sudden ligature of the 
vena portae at once stops the flow of bile ; but gradual obliteration 
may be effected without either causing death or even interfering with 
the secretion, anastomotic branches forming a collateral circulation and 
thus maintaining an efficient flow of blood through the liver. The 
problem, which is probably a barren one, cannot be settled in this way. 

In the second place, the hepatic cells not only secrete bile, but as 
we shall see later on, take an active part in other operations of even 
greater importance. The consideration of the question in what way 
these several functions of the hepatic cells are related to each other 
must he deferred for the present. 

In the third place, even if we maintain that the chief constituents 
of the bile are manufactured in the hepatic cells, and not simply 
drained off from the blood, we are not thereby precluded from admit- 
ting that the hepatic cells may avail themselves of certain half-made 
materials, the arrival of which in the blood may so to speak lighten 
their labours, or that they may even boldly seize upon and pass off as 
their own handiwork any wholly manufactured constituents which may 
be offered to them. Thus we have already seen reasons for thinking 
that the bile-pigments are not made de novo in the hepatic cells, 
but spring from ha3inoglobin, the change in the liver being simple 
transformation. So also it is quite possible, though not proved, that 
much if not all of the cholesterin of bile is merely withdrawn by the 
liver from the body at large. And even with the central components 
of bile, the bile salts, we know in the case of taurocholic acid, taurin 
is normally present in certain tissues, and that in the case of glyco- 
cholic acid, glycin, if not a normal constituent of any tissue, is 
present in the liver, since the liver can convert benzoic into hippuric 
acid, as we shall see in a succeeding section ; so that the formation 
of these bodies by the hepatic cells may be limited to the production 
of cholalic acid and its conjugation with one or other of the above 
amido-acids. Moreover as a matter of fact, we find that the flow of bile 
from a biliary fistula is much increased by the injection of bile into 
the small intestine^ This experiment renders it possible that some 
of the bile which in natural digestion is poured into the intestine is 
reabsorbed, and carried back to the liver to do duty over again. 


^ Sohiff, Pflttgor^s ArchiVy in. (1870), 308, 
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Possibly however, the effect may be explained by some more indirect 
action of the bile in the intestine. 

In medical practice, distinction is drawn between jaundice by suppres- 
sion of the secreting functions of the liver and jaundice by retention, brought 
about by an obstruction existing in some part of the biliary passages.^ The 
gravity of the symptoms in the first class of cases shews that an arrest or a 
too great diminution of the normal functions of the hepatic cells is at least 
accompanied by the presence in the blood of substances injurious to life ; 
but how far the presence of those substances is due to a failure of the 
manufacture of bile and the accumulation in the system of the materials 
for the formation of bile, or to a failure of other functions of the hepatic 
cells, must be reganled as at present undetermined. The presence of the 
bile-pigment in this form of jaundice would seem to indicate that the for- 
mation of the pigment, i, e, the transformation of heemoglobin into biliru- 
bin, requii'es but little labour on the part of the cell, and may be carried on 
even when the protoplasm of the cell is highly deranged. 

Seeing the gi’eat solvent power of both gastric and pancreatic juice, the 
question is naturally suggested. Why does not the stomach digest itself ? 
After death, the stomach is frequently found partially digested, viz. in 
cases when death has taken place suddenly on a full stomach. In an ordi- 
nary de^th, the membrane ceases to secrete before the circulation is at an 
end. That there is no special virtue in living things which prevents their 
being digested is shewn by the fact, that the legs of a frog or the ear of a 
rabbit introduced into a gastric fistula are readily digested. Dr Pavy* has 
suggested that the blood-current keeps up an alkalinity sufficient to neu- 
tralize the acidity of the juice ; and he shews by experiment t' at tracts of 
the gastric membrane, from which the circulation is cut off, are digested. 
But tracts so cut off soon die, they lose not only the alkalinity of the blood 
but also all their powers; and the alkalinity of the blood will not explain 
why the mouths of the glands which are acid are not digested, or why 
the pancreatic juice, which is active in an alkaline medium, does not digest 
the proteids of the pancreas itself, or why the gastric membrane of the 
bloodless actinozoon or hydrozoon does not digest itself. We might add, it 
does not explain why the amoeba, while dissolving the protoplasm of the 
swallowed diatom, does not dissolve its own protophism. We cannot 
answer this question at all at present, any more than the similar one, why 
the delicate protoplasm of the amoeba resists during life all osmosis, while 
a few moments after it is dead, osmotic effects become abundantly evident. 


Sec. 3. The Muscular Mechanisms op Digestion. 

From its entrance into the mouth until such remnant of it as is 
undigested leaves the body, the food is continually subjected to move- 
ments having for their object the trituration of the food as in masti- 
cation, or its more complete mixture with the digestive juices, or its 
forward progress through the alimentary canal. These various move- 
ments may briefly be considered in detail. 


1 Prcc. Bay. Soc* xu. 386, 659. 
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Mastioation* Of this it need only be said that in man it consists 
chiefly of an up and down movement of the lower jaw, combined, in 
the grinding action of the molar teeth, with a certain amount of lateral 
and fore and aft movement. The lower jaw is raised by means of 
the temporal masseter and internal pterygoid muscles. The slighter 
effort of depression brings into action chiefly the digastric muscle, 
though the mylohyoid and geniohyoid probably share in the matter. 
Contraction of the external pterygoids pulls forward the condyles, and 
thrusts the lower teeth in front of the upper. Contraction of the 
pterygoids on one side will also throw the teeth on to the opposite 
side. The lower horizontally placed fibres of the temporal serve to 
retract the jaw. 

During mastication the food is moved to and fro, and rolled about 
by the movements of the tongue. These are effected by the muscles 
of that organ governed by the h3rpoglossal nerve. 

The act of mastication is a voluntary one, guided, as are so many 
voluntary acts, not only by muscular sense but also by contact sen- 
sations. The motor fibres of the fifth cranial nerve convey motor 
impulses from the brain to the muscles ; but paralysis of the sensory 
fibres of the same nerve renders mastication difficult by depriving 
the will of the aid of the usual sensations. 

Deglutition. The food when sufficiently masticated is, by the 
movements of the tongue, gathered up into a bolus on the middle of 
the upper surface of that organ. The front of the tongue being 
raised — partly by its intrinsic muscles, and partly by the stylo- 
glossus — the bolus is thrust back between the tongue and the palate 
through the anterior pillars of the fauces or isthmus faucium. Im- 
mediately before it arrives there, the soft palate is raised by the 
levator palati, and so brought to touch the posterior wall of the 
pharynx, which, by the contraction of the upper margin of the 
superior constrictor of the pharynx, bulges somewhat forward. The 
elevation of the soft palate causes a distinct rise of pressure in the 
nasal chambers; this can be shewn by introducing a water mano- 
meter into one nostril, and closing the other just previous to 
swallowing. By the contraction of the palato-pharyngeal muscles 
which lie in the posterior pillars of the fauces, the curved edges of 
those pillars are made straight, and thus tend to meet in the middle 
line, the small gap between them being filled up by the uvula. 
Through these manoeuvres, the entrance into the posterior nares is 
blocked, while the soft palate forms a sloping roof, guiding the bolus 
down the pharynx. By the contraction of the stylo-pharyngeus and 
palato-pharyngeus, the funnel-shaped bag of the pharynx is brought 
up to meet the descending morsel, very much as a glove may be 
drawn up over the finger. 

Meanwhile in the larynx, as shewn by the laryngoscope, the aryte^ 
noid cartilages and vocal cords are approximated: the latter being 
also raised so that they come very near to the false vocal cords : the 

F. P. 15 
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cushion at the base of the epiglottis covers the rima glottidis, vrhile 
the epiglottis itself is depressed over the larrax. The thyroid 
cartilage is now, by the action of the laryngeal muscles, suddenly 
raised up behind the hyoid bone, and thus assists the epiglottis 
to cover the glottis. This movement of the thyroid can -easily 
be felt on the outside. Thus, both the entrance into the posterior 
nares and that into the larynx being closed, the impulse given 
to the bolus by the tongue can have no other effect than to propel 
it beneath the sloping soft palate, over the incline formed by 
the root of the tongue and the epiglottis, into the grasp of the 
constrictor muscles of the phar3mx : the palato-glossi or constrictores 
isthmi faucium, which lie in the anterior pillars of the fauces, by con- 
tracting, close the door behind the food which has passed them. The 
morsel being now within the reach of the constrictors of the pharynx, 
these contract in sequence from above downwards, and thus neces- 
sarily thrust the food into the oesophagus. 

Deglutition therefore, though a continuous act, may be regarded 
as divided into three stages. The first stage is the thrusting of the 
food through the isthmus faucium ; this being a voluntary act, may 
be either of long or short duration. The second stage is the passage 
through the upper part of the pharynx. Here the food traverses a 
region common both to the food and to respiration, and in consequence 
the movement is as rapid as possible. The third stage is the descent 
through the grasp of the constrictors. Here the food has passed the 
respiratory orifice, and in consequence its passage ma^ again become 
comparatively slow. 

The first stage in this complicated process is undoubtedly a 
voluntary action; the raising of the soft palate and the approximation 
of the posterior pillars must also be in a measure voluntary, since 
they were seen, in a case where the pharynx was laid bare by an 
operation, to take place before the food had touched them'; but they 
may take place without any exercise of the will or presence of con- 
sciousness, and indeed the whole part of the act of deglutition which 
follows upon the passing of the food through the anterior pillars of 
the fauces must bo regarded as a reflex act: though some of the 
earlier component movements are, as it were, on the borderland 
between the voluntary and involuntary kingdoms. The constricting 
action of the constrictors on the other hand is purely reflex ; the will 
has no power whatever over it; it cannot either originate, stop, or 
modify it. 

Deglutition as a whole is a reflex act and cannot take place unless 
some stimulus be applied to the mucous membrane of the fauces. 
When we voluntarily bring about swallowing movements with the 
mouth empty, we supply the necessary stimulus by forcing with the 
tongue a sm^l quantity of saliva into the fauces, or by touching the 
fauces with the tongue itself. 


* JJrucke, VorUsungen^ i. p. 281. 
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In the reflex act of deglutition the afferent impulses originated in 
the fauces are carried up chiefly by the glosso-pharyngeal, but also 
by branches of the fifth, and by the pharyngeal branches of the 
superior laryngeal division of the vagus. The efferent impulses 
descend the hypoglossal to the muscles of the tongue, and pass down 
the glosso-pharyngeal, the vagus through the pharjmgeal plexus, the 
fifth and the facial, to the muscles of the fauces and pharynx : their 
exact paths being as yet not fully known, and probably varying in 
different animals. The laryngeal muscles are governed by the 
laryngeal branches of the vagus. 

The centre of the reflex act lies in the medulla oblongata. Deglu- 
tition can be excited, by tickling the fauces, in an animal rendered 
unconscious by removal of the brain, provided the medulla be left. 
If the medulla be destroyed, deglutition is impossible. The centre 
for deglutition lies higher up than that of respiration, so that the 
former act is frequently impaired or rendered impossible while the 
latter remains untouched. It is probable that, as is the case in so 
many other reflex acts, the whole movement can be called forth by 
stimuli affecting the centre directly, and not acting on the usual 
afferent nerves. 

As each successive segment of the pharyngeal constrictors con- 
tracts in sequence from above downwards, the bolus is carried down 
into the upper end of the oesophagus. Here it is subjected to the 
influence of a peculiar muscular action known as ‘peristaltic.' 
Since this kind of muscular action is, with local variations, charac- 
teristic of the whole alimentary canal from the beginning of the 
oesophagus to the end of the rectum, it will be of advantage to 
disregard the strict topographical order of events, and to consider, 
first of all, the movement in that part of the canal where it is com- 
paratively simple in nature, and has been best studied : viz. in the 
small intestine ; and afterwards to deal with the variations occurring 
in particular places and under special circumstances. 

Peristaltic action of the small Intestine. We have already seen, 
in treating of unstriated muscular fibre (p. 82), that a stimulus applied 
to any part of the small intestine gives rise to a circular contraction, 
or contraction of the circular muscular coat, which travels lengthways 
as a wave along the intestine, and also to a longitudinal contraction, 
or contraction of the longitudinal coat, which similarly travels length- 
ways as a wave along the intestine. Since the circular coat is much 
thicker than the longitudinal one, the circular wave is more power- 
ful and more important than the longitudinal one ; the circular 
coat has by far the greater share in propelling the food along 
the intestine. It is obvious that a circular contraction travelling 
down the intestine (and in the natural state of things it does 
travel downwards, and not both upwards and downwards) must 
drive the contend of the intestine onwards towards the caecum. 
And practically when the intestines are watched after opening the 

16—2 
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abdomen, the contents are seen to be thus thrust onward by the 
contraction of the circular coat. This onward movement of the food, 
caused by the circular coat, may be assisted by the contraction of the 
longitudinal coat. A longitudinal contraction, preceding at any spot 
the circular contraction, will necessarily shorten, and so widen* the 
segment of the intestine in which it takes place, and therefore facili- 
tate the progress into that segment of the contents which are being 
pressed into it by the circular contraction of the preceding segment. 
Thus both forms of contraction tend to drive the food onward. It is 
probable, however, that they may occur independently; and it must 
be remembered that both these kinds of contraction have as their 
result, in the small intestine at least, not only the progress of the 
digested food, but also the locomotion to a certain extent of the intes- 
tine itself. When the abdomen is opened, what is seen is not so 
much the onward progress of the contents of the canal as the con- 
fused writhing of the intestines themselves. This arises from the 
intestine being arranged in pendent loops, so that the impulse given 
to the fluid contents reacts upon the tube itself, and causes locomo- 
tion not only in the loop where contraction is taking place, but also 
in preceding and following loops from which contents are drawn, or 
into which they are driven. The longitudinal contractions occurring 
and recurring in a loop cause peculiar oscillating movements of the 
loop. 

The movements, as we have said, take place from vbove down- 
wards, and a wave beginning at the pylorus may be traced a long 
way down. But contractions may, and in all probability occasionally 
do, begin at various points along the length of the intestine. In the 
living body the intestines have periods of rest, alternating with 
periods of activity, the occurrence of the periods depending on va- 
rious circumstances. 

With regard to the causation of the peristaltic movements of the 
intestine, this much may be aflSrmcd. They may occur, as in a piece 
of intestine cut out from the body, wholly independently of the 
central nervous system. The only nervous elements which can be 
regarded as essential to their development are the ganglia of 
Auerbach or those of Meissner in the intestinal walls. 


Though peristaltic movements can readily be excited by stimuli, applied 
cither to the outside, or, more especially, to the inside of the intestine, they 
are probably at bottom automatic. The presence of food, especially of 
food in motion, may at times act as a stimulus, and may in all cases bo a 
condition affecting the nature and extent of the movement; but cannot be 
regarded as the real cause of the action. When any body is introduced 
into the intestine, a contraction at first occurs, but soon passes off* as the 
intestine becomes accustomed to the presence of the body. There is no 
reason why the intestine should not become equally accustomed to the 
presence of food; and, as a matter of fact, peristaltic movements are often 
absent when the intestines are full. The presence of food bears about the 
same relation to the movements of the intestine, that the presence of blood 
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bears to the beat of the heart. T^th are favouring but’ not indispensable 
conditions: in both cases the action can go on without them. We may- 
add that just as the tension of a muscle increases up to a certain extent the 
amount of its contraction, and a full heart beats more strongly than an 
empty one, so distension of the intestine largely increases peristaltic action. 
Hence in cases of obstruction of the bowels, the movements become dis- 
tressing by their violence. 

Among the chief circumstances affecting peristaltic action may be 
mentioned in the first place the condition of the blood. A lack of 
oxygen or an excess of carbonic acid in the blood excites powerful 
movements. This is well seen in asphyxia, and the post-mortem 
peristaltic movements witnessed on opening a recently-killed animal, 
are probably due to the deficiency of oxygen or the accumulation of 
carbonic acid in the blood and tissues of the intestinal walls. Con- 
versely, saturation of the blood with oxygen, as in the peculiar con- 
dition known as apnoea (see chapter on JRespiration), tends to check 
peristaltic movements. 

J udging from the analogy of the respiratory and other nervous centres 
the effects should be attributed to variations in the quantity of oxygen 
rather than of carbonic acid ; this however docs not at present seem clearly 
proved. 

In the second place, peristaltic action is largely influenced by ner- 
vous influences passing along the splanchnic and vagus nerves. The 
movements will go on after section of both these nerves ; but as a 
general rule, while stiinnlation of the splanchnic tends to checks that 
of the vagus tends to excite them. It is probably through the vagus 
that peristaltic movements can be effected in a reflex manner, as in 
that increase of the movements of the intestine in consequence of 
emotions, which has given rise to the phrase ' my bowels yearned.’ 

It is generally stated that sudden stoppage of the blood-current excites 
peristaltic action, the explanation given being that, as after general death, 
there is an accumulation of caibonic acid and a lack of oxygen in the intes- 
tinal tissues. Yan Braam IJouckgeest*, however, states, ou the contrary, 
that it brings the intestine to rest ; and Nasse*^ found that the injection of 
arterial blood at a high pressure, caused very powerful movements. On 
the other hand, cxj)osnre to air has been considered as an exciting cause of 
the movements; and undoubtedly a very large amount of movement may 
frequently be observed, on laying open the abdomen, even in animals 
whose circulation is active. Since however the movements continue when 
the body is immersed in weak sodium chloride solution and the intestine 
thereby excluded from direct contact with air, they cannot be attributed to 
mere exposure. If the splanchnic nerve be stimulated while active move- 
lueut is going on, the intestine is undoubtedly brought to rest. Since at 
the same time the blood-vessels of the intestine are by the vaso-coustrictor 
action of the splanchnic constricted, the quiescence of the intestine may be 

1 Pfliiger, Die Hemmungsnerven des Darms, 1857, 

^ Pfliiger’s Archiv, vi. (1872) 266. 

^ Beitr. z. Physiol, d. Darmbewegungen^ 1866. 
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Xovements of the Stomach* These are at bottom peristaltic in 
nature, though largely modified by the peculiar arrangement of the 
gastric muscular fibres. When food first enters the stomach, the 
movements are feeble and slight, but as digestion goes on they 
become more and more vigorous, giving rise to a sort of churning 
within the stomach, the food travelling from the cardiac orifice along 
the greater curvature to the pylorus, and returning by the lesser 
curvature, while at the same time subsidiary currents tend to carry 
the food which has been passing close to the mucous membrane 
towards the middle of the stomach, and vice versa. At the pyloric 
end strong circular contractions are set up, by which portions of food, 
more especially the dissolved parts, but also' small solid pieces, are 
carried through the relaxed sphincter into the duodenum. As diges- 
tion proceeds, more and more material leaves the stomach, which is 
thus gradually emptied, the last portions which are carried through 
being those matters which are least digestible, and foreign bodies 
which happen to have been swallowed. The presence of food then 
leads to the development of obscurely peristaltic rhythmic move- 
ments, the stomach when empty being contracted, but quiescent; 
but evidently it is not the mere mechanical repletion of the organ 
which is the cause of the movements, since the stomach is fullest 
at the beginning when the movements are slight, and becomes 
empty as they grow more forcible. The one thing which does in- 
crease pari passu with the movements is the acidity, wdii h is at a 
minimum when tlie (generally alkaline) food has been swallowed, and 
increases steadily onwards. It has not however been definitely shown 
that the increasing acidity is the efficient stimulus, giving rise to the 
movements. 

The nervous mechanism of the gastric movements is very perplexing. 
Judging from the analogy of the intestine, one would imagine that they 
originated in the stomach itself, being moditied but not directly caused 
by the action of the central nervous system. Spontaneous movements, 
however, of a stomach, whose nervous connections have been severed, 
even of a full one, are at least much more rare than those seen in the 
intestine or even in the <esoj)hagus ; and such movements as are occasioned 
by local mechanical or other stimulation are limited in extent, and rarely 
put on all the characters of the natural complex contractions. Since 
there are abundant ganglia in the walls of the stomach, it may feirly 
be doubted whether the automatic movements of the excised intestine are 
due to the action of ganglia, otherwise why should not the ganglia in 
the stomach sot up spontaneous movements in that organ also? For if 
ganglia are par excellence tho organs of automatic actions we should expect 
spontaneous movements to acconjpany their presence. 

The stomach i-eceives its nervous supply from the vagi and also from 
the solar plexus, with which the splanchnics are connected. When the 
vagi are divided, a spasmodic consti’iction of the cardiac orifice takes place, 
and food is thus prevented, for a time at least, from leaving the cesophagus. 


^ Kiihne, Lehrb. i, 68, 
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This result is in harmony with the observations of Goltz on the frog. But 
the natural movements of the stomach itself cease, though the introduction 
of food after section of the vagi is said to cause some amount of contraction. 
They may be induced by stimulation of the peripheral stumps of the vagi, 
when the stomach is full, but not if it be empty. Neither section nor 
stimulation of the splanchnics or of the branches from the solar plexus 
produce, it is said, any effect on the stomach as far as its movements are 
concerned. Evidently the movements of the stomach, far more than those 
of the intestine, are dependent on and governed by the central nervous 
system, but the exact manner in which they are governed, and the proper 
share to be allotted to exciting and inhibitory mechanisms, remain yet to 
be discovered. The sort of tonic contraction, into which the walls of the 
stomach fall when its cavity is empty, does not occur in the intestine ; 
and this feature probably modifies all the nervous working of the organ. 
Nor do we know the exact mechanism by which the pyloric sphincter is 
used to strain off gradually tlie more digested portions of the food. The 
movements of even a full stomach are said by Busch* to cease during sleep. 

Movements of the large Intestine. These are fundamentally 
the same as those of the small intestine, but distinct in so far as the 
latter cease at the ilco-caocal valve, at which spot the former normally 
begin. 

They are said, however, not to be inhibited by stimulation of the 
splanchnics*. 

The fflcccs in their passage through the colon are lodged in the 
sacculi during the pauses between the peristaltic waves. Arrived at 
the sigmoid flexure, they are supported by the bladder and the 
sacrum, so that they do not press ou the sjdiincter ani. 

DefSBCation. This is a mixed act, being superficially the result 
of an effort of the will, and yet carried out by means of an involuntary 
mechanism. Part of the voluntary effort consists in producing a 
pressure-effect, by means of the abdominal muscles. These are con- 
tracted forcibly as in expiration, but the glottis being closed, and the 
escape of air from the lungs prevented, the whole force of the pressure 
is brought to bear on the abdomen itself, and so drives the contents 
of the descending colon onward into the rectum. The sigmoid flexure 
is by its position sheltered from this pressure ; a body introduced per 
anum into the empty rectum is not affected by even forcible con- 
tractions of the abdominal walls. 

The anus is guarded by the sphincter ani, which is habitually in 
a state of normal tonic contraction, capable of being increased or 
diminished by a stimulus applied, either internally or externally, to 
the anus. The tonic contraction is in part at least due to the action 
of a nervous centre situated in the lumbar spinal cord®. If the 
nervous connection of the sphincter with the spinal cord be broken, 
relaxation takes place. If the spinal cord be divided in the dorsal 

1 Viroh. Archiv, xrv, p. 166. * Pfluger, op, cit . ; Nasse, op, cit. 

3 Masius, Bull, de VAcad, B, de Belgique^ xxiv. (1867)* p. 312. 
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region, the sphincter, after the depressing effect of the operation, 
which may last several days, has passed off, still maintains its 
tonicity, shewing that the centre is not placed higher up than the 
lumbar region of the cord. The increased or diminished contraction 
following on local stimulation is probably due to a reflex augmen- 
tation or inhibition of the action of this centre. The centre is 
also subject to influences proceeding from higher regions of the 
cord, and from the brain. By the action of the will, by emotions, or 
by other nervous events, the lumbar sphincter centre may be in- 
hibited, and thus the sphincter itself relaxed ; or augmented, and 
thus the sphincter tightened. A second item therefore of the volun- 
tary process in defsecation is the inhibition of the lumbar sphincter 
centre, and consequent relaxation of the sphincter muscle. 

According to Goltz‘, in the dog after division of the dorsal cord, and 
consequent separation of the sphincter centre from the cerebrum, local 
stimulation, such as the introduction of the finger, causes not a steady 
increase or decrease of the action of the sphincter, but a rhythmic alternation 
of tightening and relaxing. The absence of this rhythm with an intact cord 
indicates some obscure action of the cerebral centres on the lumbar centre. 
The conversion of the tonic into the rhythmic action also illustrates the 
close relationship between these two kinds of movements. 

Though the tonic contraction of the sphincter seems so largely dependent 
on the lumbar centre, still this dependence is probably not an abseiute one. 
In the case of a man in whom as the result of injury the sacra" nerves were 
entirely paralysed, and the sphincter accordingly had no nervous con- 
nection with the lumbar centre (unless there were a roundabout connection 
by means of the sympathetic), Gower* observed the maintenance of a certain 
amount of tonic contmction which could be inhibited, and relaxation in- 
duced, by stimulation of the mucous membrane of the rectum and anus. 
As in the case of the arteries, we have apparently to deal here with a tonic 
contraction which is habitually dependent on a spinal centre, but which 
may nevertheless exist without the action of that centre. 

Since the lumbar centre is wholly efficient when separated from the 
brain, the paralysis of the sphincter which occurs in certain cerebral 
diseases is probably duo to inhibition of this centre, and not to paralysis 
of any cerebral centre. 

Thus a voluntary contraction of the abdominal walls, accom- 
panied by a relaxation of the sphincter, might pi ess the contents of 
the descending colon into the rectum and out at the anus. Since 
however, as we have seen, the pressure of the abdominal walls is 
warded off the sigmoid flexure, such a mode of defaBcation would 
always end in leaving the sigmoid flexure full. Hence the necessity 
for these more or less voluntary acts being accompanied by an entirely 
involuntary augmentation of the peristaltic action of the large intestine 
and sigmoid flexure. Or rather, to describe matters in their proper 
order, defsecation takes places in the following manner. The sigmoid 
flexure and large intestine becoming more and more full, stronger 


1 Pflttger^B Archiv, vm. (1874), 460. 


* Proc, Roy. Soe. xxn. (1877), p. 77. 
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and stronger peristaltic action is excited in their walls. By this means 
the feces are driven against the sphincter. Through a voluntary 
act, or sometimes at least by a simple reflex action, the lumbar 
sphincter centre is inhibited and the sphincter relaxed. At the same 
time the contraction of the abdominal muscles presses firmly on the 
descending colon, and thus the contents of the rectum are ejected. 

It must however be remembered that, while in appealing to our 
own consciousness, the contraction of the abdominal walls and the 
relaxation of the sphincter seem purely voluntaiy efforts, the whole 
act of defecation, including both of these seemingly so voluntary 
components, may take place in the absence of consciousness, and 
indeed, in the case of Goltz’s dog\ after the complete severance of the 
lumbar from the dorsal cord. In such cases the whole act must bo 
purely reflex, excited by the presence of feces in the rectum. 

Vomiting. In a conscious individual this act is preceded by 
feelings of nausea, during which a copious flow of saliva into *the 
mouth takes place. This being swallowed carries down with it a 
certain quantity of air, the presence of which in the stomach, 
by assisting in the opening of the cardiac sphincter, subsequently 
facilitates the discharge of the gastric contents. The nausea is 
generally succeeded at first by ineffectual retching in which a deep 
inspiratory effort is made, so that the diaphragm is thrust down as 
low as possible against the stomach the lower ribs being at 
the same time forcibly drawn in; since during this inspiratory 
effort the glottis is kept closed, no air can enter into the lungs ; 
but some is drawn into the pharynx, and thence probably descends 
by a swallowing action into the stomach. In actual vomiting this 
inspiratory effort is succeeded by a sudden violent expiratory 
contraction of the abdominal walls, the glottis still being closed, so 
that the whole force of the effort is spent, as in defecation, in 
pressure on the abdominal contents. The stomach is therefore 
forcibly compressed from without. At the same time, or rather im- 
mediately before the expiratory effort, by a contraction of its longi- 
tudinal fibres the oesophagus is shortened and the cardiac orifice 
of the stomach brought close under the diaphragm, while apparently 
by a contraction of the fibres which radiate from the end of the 
oesophagus over the stomach, the cardiac orifice, which is normally 
closed, is somewhat suddenly dilated. This dilation opens a way 
for the contents of the stomach, which, pressed upon by the contrac- 
tion of the abdomen, and to a certain but probably only to a slight 
extent by the contraction of the gastric walls, arc driven forcibly 
up the oesophagus, their passage along that channel being possibly 
assisted by the contraction of the longitudinal muscles. The mouth 
being wiaely open, and the neck stretched to afford as straight a 
course as possible, the vomit is ejected from the body. At this 
moment there is an additional expiratory effort which serves to pre- 

^ Oj), ciu 
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region, the sphincter, after the depressing eflFect of the operation, 
which may last several days, has passed off, still maintains its 
tonicity, shewing that the centre is not placed higher up than the 
lumbar region of the cord. The increased or diminished contraction 
following on local stimulation is probably due to a reflex augmen- 
tation or inhibition of the action of this centre. The centre is 
also subject to influences proceeding from higher regions of the 
cord, and from the brain. By the action of the will, by emotions, or 
by other nervous events, the lumbar sphincter centre may be in- 
hibited, and thus the sphincter itself relaxed ; or augmented, and 
thus the sphincter tightened. A second item therefore of the volun- 
tary process in defascation is the inhibition of the lumbar sphincter 
centre, and consequent relaxation of the sphincter muscle. 

According to Goltz^, in the dog after division of the dorsal cord, and 
consequent separation of the sphincter centre from the cerebrum, local 
stimulation, such as the introduction of the finger, causes not a steady 
increase or decrease of the action of the sphincter, but a rhythmic alternation 
of tightening and relaxing. The absence of this rhythm with an intact cord 
indicates some obscure action of the cerebral centres on the lumbar centre. 
The conversion of the tonic into the rhythmic action also illustrates the 
close relationship between these two kinds of movements. 

Though the tonic contraction of the sphincter seems so largely dependent 
on the lumbar centre, still this dependence is probably not an absolute one. 
In the case of a man in whom as the result of injury the sacra^ nerves were 
entirely paralysed, and the sphincter accordingly had no nervous con- 
nection with the lumbar centre (unless there were a roundabout connection 
by means of the sympathetic), Gower* observed the maintenance of a certain 
amount of tonic contmetion which could be inhibited, and relaxation in- 
duced, by stimulation of the mucous membrane of the rectum and anus. 
As in the case of the arteries, we have apparently to deal here with a tonic 
contraction which is habitually dependent on a spinal centre, but which 
may nevertheless exist without the action of that centre. 

Since the lumbar centre is wholly efficient when separated from the 
brain, the paralysis of the sphincter which occurs in certain cerebral 
diseases is probably due to inhibition of this centre, and not to paralysis 
of any cerebral centre. 

Thus a voluntary contraction of the abdominal walls, accom- 
panied by a relaxation of the sphincter, might press the contents of 
the descending colon into the rectum and out at the anus. Since 
however, as we have seen, the pressure of the abdominal walls is 
warded off the sigmoid flexure, such a mode of defecation would 
always end in leaving the sigmoid flexure full. Hence the necessity 
for these more or less voluntary acts being accompanied by an entirely 
involuntary augmentation of the peristaltic action of the large intestine 
and sigmoid flexure. Or rather, to describe matters in their proper 
order, defsecation takes places in the following manner. The sigmoid 
flexure and large intestine becoming more and more full, stronger 


^ Pflttger’fl Archiv, ntu (1874), 460. 
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and stronger peristaltic action is excited in their walls. By this means 
the faBces are driven against the sphincter. Through a voluntary 
act, or sometimes at least by a simple reflex action, the lumbar 
sphincter centre is inhibited and the sphincter relaxed. At the same 
time Ijhe contraction of the abdominal muscles presses firmly on the 
descending colon, and thus the contents of the rectum are ejected. 

It must however be remembered that, while in appealing to our 
own consciousness, the contraction of the abdominal walls and the 
relaxation of the sphincter seem purely voluntary efibrts, the whole 
act of dcfsBcation, including both of these seemingly so voluntary 
components, may take place in the absence of consciousness, and 
indeed, in the case of Goltz’s dog^ after the complete severance of the 
lumbar from the dorsal cord. In such cases the whole act must be 
purely reflex, excited by the presence of faeces in the rectum. 

Vomiting. In a conscious individual this act is preceded by 
feelings of nausea, during which a copious flow of saliva into -the 
mouth takes place. This being swallowed carries down with it a 
certain quantity of air, the presence of which in the stomach, 
by assisting in the opening of the cardiac sphincter, subsequently 
facilitates the discharge of the gastric contents. The nausea is 
generally succeeded at first by ineffectual retching in which a deep 
inspiratory effort is made, so that tlie diaphragm is thrust down as 
low as possible against the stomach the lower ribs being at 
the same time forcibly drawn in; since during this inspiratory 
effort the glottis is kept closed, no air can enter into the lungs ; 
but some is drawn into the pharynx, and tlience probably descends 
by a swallowing action into the stomach. In actual vomiting this 
inspiratory effort is succeeded by a sudden violent expiratory 
contraction of the abdominal walls, the glottis still being closed, so 
that the whole force of the effort is spent, as in defalcation, in 
pressure on the abdominal contents. The stomach is therefore 
forcibly compressed from without. At the same time, or rather im- 
mediately before the expiratory effort, by a contraction of its longi- 
tudinal fibres the oesophagus is shortened and the cardiac orifice 
of the stomach brought close under the diaphragm, while apparently 
by a contraction of the fibres which radiate from the end of the 
oesophagus over the stomach, the cardiac orifice, which is normally 
closed, is somewhat suddenly dilated. This dilation opens a way 
for the contents of the stomach, which, pressed upon by the contrac- 
tion of the abdomen, and to a certain but probably only to a sliglit 
extent by the contraction of the gastric walls, arc driven forcibly 
up the oesophagus, their passage along that channel being possibly 
assisted by the contraction of the longitudinal muscles. The mouth 
being widely open, and the nock stretched to afford as straight a 
course as possible, the vomit is ejected from the body. At this 
moment there is an additional expiratory effort which serves to pie- 

1 Op. cit. 
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vent the vomit passing into the larynx. In most cases too the 
posterior pillars of the fauces are approximated, in order to close 
the nasal passage against the ascending stream. This however in 
severe vomiting is frequently ineflfectual. 

Thus in vomiting there are two distinct acts; the dilation of 
the cardiac orifice and the extrinsic pressure of the abdominal walls 
in an expiratory effort. Without the former the latter, even w^hen 
distressingly vigorous, is ineffectual. Without the latter, as in 
urari poisoning, the intrinsic movements of the stomach itself are 
rarely sufficient to do more than eject gas, and, it may be, a very 
small quantity of food or fluid. Pyrosis or waterbrash is probably 
brought about by this intrinsic action of the stomach. 

During vomiting the pylorus is generally closed, so that but 
little material escapes into the duodenum. When the gall-bladder 
is full, a copious flow of bile into the duodenum accompanies the act 
of vomiting. Part of this may find its way into the stomach, as in 
bilious vomiting, the pylorus then being evidently open. 

Tho cx])crimont of Maj(*n(lic, shewing that vomiting can take place when 
a simple bladder is substituted for the stomach, is said to fail unless tlie 
fesoi)liageal sphincter bo removed or the dilating mechanism bo left intact. 
BchifF^, by introducing his finger through a gastric fistula, was able to 
ascertain by direct touch, both the normal occlusion of the cardiac orifice, 
broken only during the descent of food, and its sudden dilation just 
j)receding the expiratory pressure during vomiting. He f and that when 
the muscular fibres radiating from the oesophagus over the stomach we]*e 
injured, as by crushing them with a ligature forcibly a2)p]ied for a few 
.seconds, the constriction of the cardiac orifice remained jjcrmanent ; dila- 
tion of tlie cardiac orifice, and in consequence vomiting, became im])ossible. 
He therefore regards the dilation as caused by tho active contraction of 
these fibres, and not as due to inhibition of the normally contracted circular 
fibres. In order that tho contraction of the radiating fibres should cause 
dilation, their ends distal from tho C0so2)hagus must.be fixed. I^liis is 
])rovidod by the stomach being sujiported by the descent of the diaphragm. 
The supj)ort afforded to the oesophagus by the diaphragm as it jmsses 
through that muscle must also be of advantage, and tho longer the j)ortion 
of oesophagus between the diaphragm and the stomach, the greatei* will bo 
the effect of tho radiating muscles in pulling down tho oesophagus instead 
of dilating its orifice. This is possibly the reason why the horse and other 
herbivorous animals vomit with such difficulty. 

The nervous mechanism of vomiting is complicated and in many 
aspects obscure. The efferent impulses which cause the expiratory 
effort must come from the respiratory centre in the medulla ; with 
these we shall deal in speaking of respiration. The dilation of the 
cardiac orifice is caused, in part at least, by efferent impulses 
descending the vagi, since when these are cut real vomiting with dis- 
charge of the gastric contents is difficult, through want of readiness 
in the dilation. The sympathetic abdominal nerves coming from 


1 Moleschott’fl UntersucK x. (1870) 363. 
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the cceliac ganglia and the splanchnic nerves seem to have no share 
in the matter. The efiferent impulses which cause the flow of saliva 
in the introductory nausea descend the facial along the chorda tym- 
pani branch. These various impulses may best be considered as 
starting from a vomiting centre in the medulla, having close relations 
with the respiratory centre. This centre may be excited, may be 
thrown into action, in a reflex manner, by stimuli applied to peri- 
pheral nerves, as when vomiting is induced by tickling the fauces, or 
by irritation of the gastric membrane, or by obstruction due to liga- 
ture, hernia, etc., of the intestine. That the vomiting in the last 
instance is due to nervous action, and not to any regurgitation of the 
intestinal contents, is shewn by the fact that it will take place when 
the intestine is perfectly empty and may be prevented by section of the 
mesenteric nerves. The vomiting attending renal and biliary calculi 
is apparently also reflex in origin. The centre however may be 
affected directly, as probably in the cases of some poisons, and in 
some instances of vomiting from disease of the medulla oblongata. 
Lastly, it may be thrown into action by impulses reaching it from 
parts of the brain higher up than itself, as in cases of vomiting 
produced by smells, tastes and emotions, and by the memory of 
past occasions, and in some cases of vomiting from cerebral disease. 

Many emetics, such as tartar emetic, appear to act directly on 
the centre, since they will produce vomiting not only when introduced 
into the blood, but even when a bladder is substituted for the 
stomach. Others again, such as mustard and water, act in a reflex 
manner by irritation of the gastric mucous membrane. With others, 
again, which cause vomiting by developing a nauseous taste, the 
reflex action involves parts of the brain higher than the centre itself. 

Since the vagus acts as an efierent nerve in causing the dilation of the 
cardial orifice so essential to the act, it is difficult to eliminate the share 
taken by the vagus as an afferent nerve carrying up impulses from the 
stomach to the vomiting centre. The remaikable fact that, by giving 
tartar emetic, vomiting may in dogs be sometimes induced, even after section 
of the vagi, shews that the dilation of the cardiac orifice, though normally 
effected through the vagus, may be carried out by moans of some local 
mechanism, and that the emetic may also stimulate that local mechanism 
at the same time that it is affecting the general centre. 


Sec. 4. The Changes which the Food undekgoes in the Ali- 
mentary Canal. 

Having studied the properties of the digestive juices, and the 
various mechanisms by means of which the food is brought under 
their influence, we have now to consider what, as matters of fact, arc 
the actual changes which the food does undergo in passing along tlui 
alimentary canal, what are the steps by which the food is converted 
into faeces. 
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In the month the presence of the food, assisted by the move- 
ments of the jaw, causes, as we have seen, a flow of saliva. By 
mastication, and by the addition of mucous saliva, the food is broken 
into small pieces, moistened, and gathered into a convenient bolus 
for deglutition. In man some of the starch is, even during the 
short stay of the food in the mouth, converted into sugar; for if 
boiled starch free from sugar be even momentarily held in the 
mouth, and then ejected into water (kept boiling to destroy the 
ferment), it will be found to contain a decided amount of sugar. In 
many animals no such change takes place. The viscid saliva of the 
dog serves almost solely to assist in deglutition ; and even the longer 
stay which food makes in the mouth of the horse is insufficient to 
produce any marked conversion of the starch it may contain. During 
the rapid transit through the OBSOphaguS no appreciable change 
takes place. 

In the stomach, the arrival of the food, the reaction of which is 
either naturally alkaline, or is made alkaline, or at least is reduced 
in acidity, by the addition of saliva, causes a flow of gastric juice. 
This already commencing while the food is as yet in the mouth, 
increases as the food accumulates in the stomach, and as, by the 
churning gastric movements, unchanged particles are continually 
being brought into contact with the mucous membrane. Hence 
the reaction of the gastric contents becomes more nd more dis- 
tinctly acid as digestion proceeds. The change of starch into sugar 
is lessened or perhaps arrested. The fats themselves remain un- 
changed; but, through the conversion of proteids into peptone, 
not only are the more distinctly proteid articles of food, such as 
meat, broken up and dissolved, but the proteid framework, in 
which the starch and fats are frequently imbedded, is loosened, 
the starch-granules are set free, and the fats, melted for the most 
part by the heat of the stomach, tend to run together in large drops, 
which in turn arc more or less apt to be broken up into an imperfect 
emulsion. The collagenous tissues arc dissolved; and hence the 
natural bundles of meat and vegetables fall asunder; the muscular 
fibre splits up into discs, and the protoplasm is dissolved from the 
vegetable cells. While these changes are proceeding, the thick 
turbid greyish liquid or chyme, formed by the imperfectly dissolved 
food, is from time to time ejected through the pylorus, accompanied 
by even large morsels of solid less-digested matter. This may occur 
within a few minutes of food having been taken, but the larger 
escape from the stomach probably does not begin till from one to 
two, and lasts from four to five, hours after the meal, becoming 
more rapid towards the end, such pieces as most resist the gastric 
juice being the last to leave the stomach. 

In the presence of healthy gastric juice, and in the absence of 
any nervous interference, the question of the digestibility of any 
food is determined chiefly by mechanical conditions. The more 
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finely divided the material, and the less the proteid constituents are 
sheltered by not easily soluble envelopes, such as those of cellulose, the 
more rapid the solution. So also pieces of hard-boiled egg, which 
have to be gradually dissolved from the outside, are less easily 
digested than the more friable muscular fibre, the repeated transverse 
cleavage of which increases the surface exposed to the juice. Unboiled 
white of egg again, unless thoroughly beaten up and mixed with air, 
is less digestible than the same boiled. The unboiled white forms a 
viscid clotted mass, of low diflfusibility, into which the juice permeates 
with the greatest difficulty. And so with other instances. Beyond 
this mechanical aspect of digestibility, it is to be remembered that 
dififercnt substances may differently affect the gastric membrane, pro- 
moting or checking the secretion of the juice. Hence a substance, the 
mass of which is readily dissolved by gastric juice, and which offers 
no mechanical obstacles to digestion, may yet prove indigestible by 
so affecting the gastric membrane through some special constituent 
(or possibly in other ways) as to inhibit the secretion of the juice. 

That substances can be absorbed from the cavity of the stomach 
into the circulation is proved by the fact that food when introduced 
disappears very largely from the stomach of an animal, the pylorus of 
which has been ligatured. But we cannot speak with certainty as to 
what extent in ordinary life gastric absor 2 )tion takes place, or by 
what mechanism it is carried out. The presumption is, that the 
diffusible sugars and peptone pass by osmosis direct into the capilla- 
ries, and so into the gastric veins. The filtrate of chyme taken from 
a stomach in full digestion contains parapeptone, but scarcely any 
peptone. From this it may fairly be inferred that the peptone has 
been absorbed. 

In the act of swallowing, no inconsiderable quantity of air is 
carried down into the stomach, entangled in the saliva, or in tho 
food. This is returned in eructations. When the gas of eructation 
or that obtained directly from the stomach is examined, it is found 
to consist chiefly of nitrogen and carbonic acid, the oxygen of the 
atmospheric air having been largely absorded. In most cases the 
carbonic acid is derived by simple diffusion from the blood, or from 
tho tissues of the stomach, which similarly take up the oxygen. In 
many cases of flatulency, however, it may arise from a fermentative 
decomposition of the sugar which has been taken as such in food, or 
which has been produced from the starch. 

In the latter case, however, hydrogen ought also to make its appear- 
ance ; thus CgHjjOg = 2 CgH^Og (lactic acid) = (butyric acid) 

4 - 2 COg + H^, whereas hydrogen has only been found in the small in- 
testine. In the dog, Planer^ found in the stomach after a meat diet a 
small amount of gas of the composition CO 25*20, N 68*68, O 6*12, 
after a meal of bread, CO* 32*91, N 66*30, O *79. 

The enormous quantity of gas which is discharged through the mouth 
in cases of hysterical flatulency, even on a perfectly empty stomach, and 

^ Wien, SitzungsberichtCf ZLn. p. 807* 
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which seems to consist largely of carbonic acid, presents difficulties in the 
way of explanation; it is possible that it may be simply diffused from the 
bl(^ 

In the small intestine^ the semi-digested acid food, or chyme, 
as it passes over the biliary orifice, causes gushes of bile, and ht the 
same time, as we have seen (p. 216), the pancreatic juice, which 
flowed freely into the intestine at the taking of the meal, is secreted 
again with renewed vigour, when the gastric digestion is completed. 
These two alkaline fluids tend to neutralize the acidity of the chyme, 
but the contents of the duodenum do not become distinctly alkaline 
until some distance from the pylorus is reached. Even in the lower 
part of the ileum the chyme may be acid^; possibly however in such 
cases it has been reacidificd. The conversion of starch into sugar, 
which may have languished in the stomach, is resumed with great 
activity by the pancreatic juice, though portions of undigested starch 
may be found in the largo intestine and even at times in the faeces. 

We have seen that the pancreatic juice emulsifies fats, and also 
splits them into their respective fatty acids and glycerine, and that 
the bile is able to a certain extent to saponify the free fatty acids. 
It also appears that the slight emulsifying power of the bile is much 
increased by the presence of soaps; and as a matter of fact the bile 
and pancreatic juice do largely emulsify the contents of the small in- 
testine, so that the greyish turbid chyme is changed into a creamy- 
looking fluid, which has been called chyle. It is adv 3able however 
to reserve this name for the contents of the lacteals. To what extent 
saponification does take place is not known. Undoubtedly soaps 
have to a small extent been found both in portal blood and in the 
thoracic duct after a meal; but there is no proof that any large 
quantity of fat is introduced in this form into the circulation ; on the 
other hand, the presence of neutral fats, both in portal blood, and 
especially in the lacteals, is a conspicuous result of the digestion of 
fatty matters ; and in all probability saponification in the intestine is 
a subsidiary and unimportant process. 

Much dispute has arisen on the question, how far the presence 
either of the bile or of the pancreatic juice, or of both, in the intestine 
is necessary for the digestion and absorption of fatty food. That the 
pancreatic juice does produce in the intestine such a change as 
favours the transference of neutral fats from the intestine into the 
lacteals is shewn by an observation, first made by Bernard. If a 
rabbit be killed a few hours after taking a meal rich in fat, and the 
abdomen opened, the lacteals running in the mesentery attached to 
the twelve inches or so of duodenum which in this animal intervene 
between the pylorus and the opening of the pancreatic duct, will 
hardly be visible to the naked eye on account of their transparency, 
whereas below the orifice of the duct they will be most conspicuous, 
on account of the fat which they contain. Above the pancreatic duct 


^ Losnitzer, Henle and Meissner’s Bericht, 1864, p. 250. 
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the contents of the intestine are subject to the action of the bile, yet 
very little absorption of fat takes place; below the duct, the 
bile is aided hy the pancreatic juice, and absorption of fat at once 
begins. Again, in disease of the pancreas, much fatty food frequently 
passca through the intestine undigested. On the other hand, in cases 
where all the pancreatic ducts have been ligatured, and there has 
been no reason to think that pancreatic juice to any amount has 
entered the intestine, fat may be present in the lacteals. In such 
cases the subsidiary pancreatic structures existing in the duodenal 
walls cannot be seriously supposed to have any effect, and in con- 
sequence the digestion of the fat must be referr^ to the bile. That 
the bile is of use in the digestion of fat is shewn by the prevalence of 
fatty stools in cases of obstruction of the bile-ducts, and though the 
operation of ligaturing the bile-ducts, and leading aU the bile ex- 
ternally through a biliary fistula, is open to objection, since it so 
exhausts the animal as indirectly to affect digestion, still the results 
of Bidder and Schmidt, in which the resorption of fat was distinctly 
lessened (the quantity of fat in the lacteals falling from 3 2 to *02 p. c.) 
by the ligature and fistula, obviously point to the same conclusion. 
Thus while the view that the bile alone, or the view that the pancre- 
atic juice alone, is the agent in the digestion of fat, is contradicted by 
facts, the conflicting experiments arc reconciled in the conclusion that 
both help towards the same end, the one agent possibly being more 
useful than the other in different animals ; a conclusion which is in 
harmony with the properties of the juices, as seen when studied out 
of the body, and which is supported by the observation of Busch, in a 
case where the duodenum opened on the surface by a fistula in such 
a way that the lower part of the intestine could be kept free from the 
contents of the upper part containing the bile and pancreatic juice. 
Fats introduced into the lower part, where they could not bo acted 
upon either by the bile or by the pancreatic juice, were but slightly 
digested. The succus entericus, or any other alkaline albuminous 
fluid, may have slight emulsifying power, but insufficient to meet tho 
needs of tlie economy. 

We have seen that bile, when added to a digesting mixture, 
precipitates parapeptone. The chyme as it issues from the pylorus 
contains undigested material and parapeptone with little or no pej)- 
tone. We should expect this to be precipitated by the bile ; and as a 
matter of fact we find the inner surface of the small intestine coated 
with a granular deposit, quite similar to the precipitate just men- 
tioned. The object of this precipitation is at present unknown, un- 
less it be to hinder the too rapid passage of the semi-digested liquids 
along the intestine. We have seen that bile, while it stops gastric 
digestion, favours rather than hinders the pancreatic digestion of 
proteids. As a matter of fact, since the contents of the stomach 
as they issue from the pylorus consist very largely of undigested 
proteids, these must be digested by tho pancreatic juice, with or 
without the assistance of the succus entericus, since the pepsin of the 
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gastric juice is either precipitated by the bile, or rendered inert by 
the increasing alkalinity of the intestinal contents. To what stage 
the pancreatic digestion is carried, whether peptone is chiefly 
formed, and when formed at once absorbed, or to what extent the 
pancreatic juice in the body, as out of the body, carries on its work 
in the more destructive form, whereby the proteid material subjected 
to it is broken down largely into leucin and tyrosin, is at present not 
exactly known. Leucin and tyrosin are found in the intestinal con- 
tents, and are therefore formed during normal digestion, but whether 
a large quantity or a small quantity of the proteid material of food 
is thus hurried into a crystalline form cannot be definitely stated. 
Possibly where large quantities of proteids are taken at a meal, the 
excess is at once got rid of by this form of so-called ^ luxus consump- 
tion;’ and possibly also, in the intestine as in the laboratory, this 
pancreatic digestion of proteids in excess is accompanied by a con- 
siderable development of bacteria and other organized bodies, which 
create trouble by inducing fermentative changes in the accompany- 
ing saccharine constituents of the chyme. 

That fermentative changes do occur in the small intestine is indicated 
by the fact that the gas present there does contain free hydrogen. Planer ‘ 
found the gas from the small intestine of a dog fed on a meat diet to 
consist of CO* 40*1, H 13*86, N 45*52, with only a trace of oxygen. In a 
dog fed on vegetable diet the composition of the gas was CO® 47*34, 
H 48*69, N 3*97. Chyme after removal from the intestine ( mtinues at the 
temperature of the body to produce carbonic acid and hydrogen in equal 
volumes. As was stated above (p. 239), during butyric acid fermentation 
from sugar, carbonic acid and hydrogen are involved in equal volumes. 
These facts suggest the way in which the carbo-hydrate constituents of food 
may become converted into fat, for by this butyric acid fermentation the 
sugar is converted into a member of the fatty acid series; and it is at least 
within the bounds of possibility that, by fermentative changes of some sort 
or other, the lower members of the series may be raised to thehiglier. But 
did butyric acid fermentations occur largely in the intestine we should expect 
to find a large quantity of free hydrogen excreted by the bowel or lungs. As 
a matter of fact it is excreted in small quantities only or not at all. Hence, 
unless we suppose that the evolved hydrogen is ra])idly brought back again 
into a state of combination, we must regard butyric acid fermentation as 
slight and unimportant. Indeed the quantity of gas on which Planer 
worked was small. It is probable however that a considerable quantity of 
sugar is converted by fermentative changes into lactic acid, since this acid 
is found in increasing quantities as the food descends the intestine. 

Thus during its transit through the small intestine, by the action 
of the bile and pancreatic juice assisted possibly to some extent by 
the succus entericus, the proteids are largely dissolved and converted 
into peptone and other products, the starch is changed into sugar, 
the sugar possibly being in part further converted into lactic acid, 
and the fats are largely emulsified, and to some extent saponified. 


^ Op, c 'u 
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Tliese products, as they are formed, pass into either the lacteals or 
the portal blood-vessels, so that the contents of the small intestine, 
by the time they reach the ileo-csecal valve, are largely but by no 
means wholly deprived of their nutritious constituents. As far as 
water is concerned, the secretion into the small intestine is about 
equal to the absorption from it, so that the intestinal contents at the 
end of the ileum, though much more broken up, are about as fluid as 
in the duodenum. 

In the large intestine, the contents become once more distinctly 
acid. This, however, is not caused by any acid secretion from the 
mucous membrane ; the reaction of the intestinal walls in the large 
as in the small intestine is alkaline. It must therefore arise from 
acid fermentations going on in the contents themselves ; as indeed is 
shewn by the composition of the gases which make their appearance 
in this portion of the alimentary canal. In carnivora the contents of 
the caecum are said to be alkaline\ and naturally the amount of 
fermentation will depend largely on the nature of the food. 

Huge* found the gas of the large intestine, collected per anum, to have 
the following composition ; 

Mixed diet. 

CO* 40-54 

N. 17-50 

CH. 19-77 

H. 22-22 

SHjj a trace only. 

Of the particular changes which take place in the large intestine 
we have no definite knowledge ; but it is exceedingly probable that 
in the voluminous caocum of the herbivora, a large amount of digestion 
of a peculiar kind goes on. We know that in herbivora a consider- 
able quantity of cellulose disappears in passing through the canal, 
and even in man some is probably digested. We arc driven to suppose 
that this cellulose digestion is carried on in the large intestine, 
though we know nothing of the nature of the agency by which it is 
effected. The other digestive changes are probably of a fermentative 
kind. 

Be this as it may, whether digestion, properly so called, is all 
but complete at the ilco-coQcal valve, or whether important changes 
still await the chyme in the large intestine, the chief characteristic 
of the work done in the colon is absorption. By the abstraction of 
all the soluble constituents, and especially by the withdrawal of 
water, the liquid chyme becomes as it approaches the rectum con- 
verted into the firm solid fmees, and the colour shifts from the bright 
orange, which the grey chyme gradually assumes after admixture with 
bile, into a darker and dirtier brown, 

' Bernard, Liquides de VOrganisme, 

• Wien, SitzungsberichtCf 1862, p. 729, 
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In the fieoes there are found in the first place the indigestible 
and undigested constituents of the meal: shreds of elastic tissue, 
much cellulose from vegetable, and some connective tissue from 
animal food, fragments of disintegrated muscular fibre, fat cells, and 
not unfrequently undigested starch-corpuscles. The amount of* each 
must of course vary very largely, according to the nature of the food, 
and the digestive powers, temporary or permanent, of the individual. 
In the second place, to these must be added substances, not introduced 
as food, but arising as part of, or as products of, the digestive secre- 
tions. The fieces contain a ferment similar to pepsin, and an amy- 
lolytic ferment similar to that of saliva or pancreatic juice. They 
also contain mucus in variable amount, sometimes albumin, choles- 
terin, butyric and other fatty acids, lime and magnesia soaps, excretin 
(a non-nitrogenous ciystalline body, containing sulphur, obtained by 
Marcet), and salts, especially those of magnesia. Cholalic acid (and 
dyslysin) are found in very small quantities only, thus indicating that 
the bile-salts have been in part at least destroyed (they may have 
been in part reabsorbed, see p. 223), the less stable taurocholic acid 
(of the dog) disappearing more readily than the glycocholic acid (of 
the cow). The fact that the faeces become ‘clay-coloured* when the 
bile is cut off from the intestine shews that the bile-pigment is at 
least the mother of the faecal pigment. We have already seen that 
during artificial pancreatic digestion, a distinctly faecal odour due to 
the presence of indol is generated; and the fact that the presence of 
bacteria, or other similar organisms, is essential to the production of 
this body, does not preclude the possibility of it, with its derivatives, 
being the chief cause of the natural odour of faeces, for undoubtedly 
bacteria may exist throughout the wliole length of the intestinal 
canal. At the same time it is quite possible, if not probable, that 
specific odoriferous substances may be secreted directly from the 
intestinal wall, especially from that of the large intestine. 


Sec. 5. Absorption of the Products of Digestion. * 

We have seen that absorption does, or at least may, take place 
from the stomach. We have also stated that a large absorption, 
especially of water, occurs along the whole large intestine. 

Absorption from the large intestine after injection per anum or through 
a fistula has been observed not only in the case of soluble peptone and 
sugar, but also in that of starch, white of egg, and casein; but the exact 
changes undergone by the latter previous to absorption are unknown*. 

Nevertheless the largest and most important part of the digested 
material passes away from the canal, during the transit of food along 
the small intestine, partly into the lacteals, partly into the portal 
vessels. 


1 Bauer, ZeiUchft, f, Biol v. 686. 
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Digestion being, broadly speaking, the conversion of non-diffusible 
proteids and starch into highly diflfusible peptone and sugar, and the 
emulsifying, or division into minute particles, of various fats, it is 
natural to suppose that the diffusible- peptone and sugar pass by 
osmosis into the blood-vessels, and that the emulsified fats pass into 
the lacteals. That the great mass of the fat which enters the body 
from the intestine does pass through the lacteals, there can be no 
doubt; and there can be but little doubt that a considerable quantity 
of peptone and sugar does pass into the portal blood. But we are 
unable to say at present how far the fat in its difficult j)assage into 
the lacteal is accompanied by soluble peptone and sugar, and by less 
diffusible forms of proteids arising as subsidiary products of proteo- 
lytic digestion. 

Characters of Chyle# In a fasting animal the contents of the 
thoracic duct are clear and transparent; shortly after a meal they 
become milky and opaque, the change being entirely due to a 
difference in the quantity of the fluid brought to the duct by the 
lacteals, that fluid also being, as seen by inspection of the mesentery, 
transparent during fasting, and becoming milky and opaque after a 
meal, especially after one containing much fat. The contents of the 
thoracic duct therefore after a meal may bo taken as illustrative of 
the nature of the chyle present in the lacteals, though strictly 
speaking the chyle of the thoracic duct is mixed with lymph coming 
from tlie rest of the body. During fasting the contents of the lac- 
teals agree in their general character with lymph obtained from 
other structures. 

The contents of the thoracic duct may bo obtained by laying bare the 
junction of the subclavian and jugular veins and introducing a cannula into 
the duct as it enters into the venous system at that point. The operation 
is not unattended with difficulties. 

Chyle obtained from the thoracic duct, after a meal, is a white 
milky-looking fluid, which after its escape coagulates, forming a not 
very firm clot The nature of the coagulation seems to be exactly 
the same as that of blood. On standing, the surface of the clot 
becomes pink, even though no blood be artificially mixed with the 
chyle during the operation; the colour is duo to immature red 
corpuscles proper to the chyle. Examined microscopically, the chylo 
consists of fibrin, a large number of white corpuscles, a small number 
of developing red corpuscles, an abundance of oil-globules of various 
sizes but all small, and a quantity of finely granular material fatty in 
nature, the so-called ^molecular basis.' Each oil-globule is invested 
with an albuminous envelope ; this may be dissolved by the aid of 
alkalis, whereupon the globules run together. The fibrin and white 
corpuscles are very scanty (and the red corpuscles entirel}^ absent) in 
lymph or chyle taken from peripheral vessels; but they increase in 
quantity as the lymph passes through the l3nnphatic glands. 

The composition of chyle varies considerably not only in different 
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animals but in the same animal at different times. The average 
percentage of solids may perhaps be put down as about 9, that of 
proteid material as about 4 or 5, and that of fat as about 3 or 4, the 
remainder being extractives and salts. The fats occur chiefly in 
the form of neutral salts, though some soaps or fatty acids are 
present. 

The percentages of solid matters vary in the different analyses from 3 
to 11, of proteids from 2 to 7, of fats from less than 1 to 4\ The proteids 
consist chiefly of serum-albumin, with a globulin or alkali-albumin preci- 
pitable by acids, and a variable but small quantity of fibrin. Among the 
extractives have been found sugar, urea, and leucin; cholesterin is also 
frequently present in considerable quantity. Since these extractives are 
found in lymph as well as chyle they cannot be regarded as derived ex- 
clusively from the intestinal contents. The amount of peptone is very small 
indeed. The gas which can be extracted from chyle or lymph consists 
almost entirely of carbonic acid there being only a small quantity of nitro- 
gen, and no satisfactory evidence of the presence of any free oxygen at all. 
Hammarsten* obtained from the 100 vols. of lymph of the dog about 1*5 
(1*17)* vols. nitrogen, and about 53 (40*36) vols. carbonic acid. The 
ash is remarkable for ^e abundance of sodium chloride and the scantiness 
of phosphates. Iron is present in greater quantity than can bo accounted 
for by the presence of red •corpuscles. 

The nature of the fat is supposed to vary with that of the food, 
but this has not been conclusively shewn. 

The lymph taken from the duct during fasting differs chiefly 
from that taken after a meal, in the much smaller quantity of fat, 
the microscope shewing white corpuscles with very few oil-globules, 
and in the almost entire absence of the molecular basis. Lymph in 
fact is, broadly speaking, blood minus its red coipuscles, and chyle is 
lymph plus a very large quantity of minutely divided neutral fat. 

It has been calculated that a quantity equal to that of the whole 
blood may pass through the thoracic duct in 24 hours, and of this it 
is supposed that about half comes from food through the lacteals and 
the remainder from the body at large; but these calculations are 
based on imcertain data. 

Entrance of the Chyle into the Lacteals. The lacteal begins as 
a club-shaped (or bifurcate) lymphatic space lying in the centre of 
the villus, and connected with the smaller lymphatic spaces of the 
adenoid tissue around it; it opens below into the submucous lym- 
phatic plexus from which the lacteal vessels spring. The adenoid 
tissue of the surrounding crypts of Lieberkiihn is by its lymphatic 
spaces connected with the same lymphatic plexus. That the finely- 
divided fat does pass from the intestine, through the epithelial enve- 

1 Cf. Hensen, Pfliiger’s ArcHv, x. (1875) p. 94. 

• Ludwig’s Arbeiten, 1871, p. 121. 

* The larger figures are the measurements obtained at 0® C. and a pressure of 
760 mm. mercury, the smaller figures in brackets the measurements according to tho 
prevalent German method at (T* C. and 1 metre of mercury pressure. 
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lope of the villus, into the adenoid tissue, and so into the lacteal 
chamber, is certain, but^ much discussion has arisen as to the exact 
mechanism of the transit. The passage is probably assisted by the 
movements of the intestine, though even in the contractions of strong 
peristaltic movements the pressure within the intestine is never very 
groat. Of more obvious use is the contraction of the villus itself. The 
longitudinal muscular fibre-cells, in contracting, pull down the villus 
on itself ; the contents of the lacteal chamber are thus forced into the 
underlying lymphatic plexus. When the fibre-cells relax, the empty 
lacteal chamber is expanded; the chyle cannot flow back from the 
lymphatic channels, by reason of the valves present in them, and in 
consequence the lacteal chamber is filled from the substance of the 
villus, and thus the entrance into the villus of material from the 
intestine is facilitated. The villus in fact acts as a kind of muscular 
suction- pump. 

After a meal the epithelium cells of the villus are found crowded with 
fat. Since the striation of the hyaline border of the cells is not due to 
pores, as was once thought, the particles must have entered into the cells 
very much as foreign j)articles enter the body of an amoeba. The ejuthe- 
liuin may in fact be said to eat the fat. Since the (frequently) branched 
and protoplasmic base of the cell is in intimate connection with the spaces 
of the adenoid tissue of the villus, the fat could more readily pass from the 
coll in this direction than from the intestine into the cell. There would 
tlius bo a stream of fatty particles through the coll from without inwards, a 
stream in the causation of which the cell took an active part. In fact, 
under this view, absorption by the cell might be regarded as a sort of 
inverted secretion, the cell taking much material from the chyme and 
secreting it, with little or no change, into the villus. The observations of 
Watney^ have led him to believe that the fat passes not through but 
between the epithelium-cells, being taken up by the inter*^pithelial pro- 
cesses of the peculiar epithelioid cells described by him, the epithelium-cells 
themselves therefore having no active shai*e in absorption. It is difficult 
on this view however to explain the almost unanimous opinion of previous 
observers, that the fat may be seen in the substance of the cell itself, though 
Watney argues that particles of fat adhering to the outside of the cell have 
been erroneously supposed to be really within the cells. 

Briicke* observed that after a meal of milk, the contents of the villus 
after death were loaded with a granular deposit of proteid nature, and of an 
acid reaction. He infers from this that together with the fat there passes 
iuto the villus a quantity of the proteid material of food in the form of 
alkali-albumin, precipitable by weak acids; and argues from this and other 
facts that a considerable quantity of the proteids of food thus obtains en- 
trance into the blood without suffering the change into peptone. 

Movements of the Chyle. Having reached the lymphatic channels 
the onward progress of the chyle is determined by a variety of cir- 
cumstances. Putting aside the pumping action of the villi, the same 
events which cause the movement of the lymph generally, also 

* Vroe. Roy, Soc, xxii. (1874) 293, xxiv. (1876) 241. 

* Wien, Sitzungsberichte, xxxvii. lix. 
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further the flow of the chyle; and these are briefly as follows. In 
the first place, the widespread presence of valres in the lymphatic 
vessels causes every pressure exerted on the tissues in which they 
lie, to assist in the propulsion forward of the lymph. Hence all 
muscular movements increase the flow. If a cannula be inserted in 
one of the larger ljunphatic trunks of the limb of a dog, the discharge 
of lymph firom the cannula will bo more distinctly increased by move- 
ments, even passive movements, of the limb than by anything 
else. In addition to the valves along the course of the vessels, 
the emboucheincnt of the thoracic duct into the venous system is 
guarded by a valve, so that every escape of lymph or chyle from the 
duct into the veins becomes itself a help to the flow. In the second 
place, considering the whole lymphatic system as a set of branching 
tubes passing from the extra-vascular regions just outside the small 
arteries, veins and capillaries, to the large venous trunks, it is 
obvious that the mean pressure of the blood in the subclavian vein, 
at its junction with the jugular, must be considerably less than that 
of the lymph in the lymphatic spaces around the small blood-ves- 
sels, even if we suppose the pressure in the tissues outside the small 
blood-vessels to be distinctly less than that of the blood within 
the same vessels. In other words, there is a distinct fall of pressure 
in passing from the beginning to the end of the lymphatics; this of 
course would alone cause a continuous flow. Further, this flow 
caused by the lowness of the moan venous pressure r the sub- 
clavian will be assisted at every respiratory movement, since at 
every inspiration the pressure in the venous trunks becomes nega- 
tive, and thus lymph will be sucked in from the thoracic duct, while 
the increase of pressure in the great veins during expiration is warded 
off from the duct by the valve at its opening. In the third place, the 
flow may be increased by rhythmical contractions of the muscular 
walls of the Ijrmphatics themselves ; but this is doubtful, since it is 
not clear whether the rhythmic variations seen by Heller^ in the me- 
sentery of the guinea-pig were active or simply passive, i,e, caused by 
the rhythmic peristaltic action of the intestine, each contraction of the 
intestine filling the lymph-channels more fully. Lastly, it is quite 
open for us to suppose that just as osmosis may give rise to increased 
pressure on one side of a diffusion septum, so the diffusion of sub- 
stances from the intestines into the lacteals, or from the tissues into 
the lymphatics, may be itself one of the causes of the flow of lymph. 
We have at least, under all circumstances, one or other of these 
causes at work promoting a continual flow from the lymphatic 
roots to the great veins. We have no very satisfactory evidence 
that the flow of lymph is in any way directly governed by the 
nervous system. 

In frogs, and some other animals the centripetal flow of lymph from the 
limbs is assisted by rhythmically pulsating muscular lymph-hearts. 

1 ChU Med. Wies. 1869, p. 545. 
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The observations of Paschutin* and Emminghaus” failed to shew any 
direct connection between the nervous system and the lymph-flow. Sec- 
tion of the sciatic, leading to arterial dilation and consequent increased 
pressure in the capillaries and small veins, had very little effect, wliereas 
ligature of the veins led to a very marked increase. Active movements of 
the limb, caused by stimulation of the sciatic, produced no greater flow than 
did passive movements, Goltz® has recorded an interesting observation, 
bearing on the influence of the nervous system on absorption. Of two 
urarized frogs, the brain and spinal cord of one are destroyed, but in the 
other are left intact. Both animals are suspended by the lower jaw; 
chloride of sodium solution (*75 per cent.) is poured into the dorsal lym- 
phatic sacs of both ; and in both the aorta is cut across. In the one where 
the nervous system is intact, absorption from the lymphatic sac takes place 
copiously, and the heart pumps out large quantities of fluid by the aoita. 
In the other absorption does not occur; the heart, though beating, rc'mains 
empty, and the skin becomes dry. The result however shews rather the 
influence of the nervous system in maintaining the tonicity of the blood- 
vessels and keeping up the connection of the heart with the |>eripheral 
vessels, than any distinct coimection between absori>tion proper and the 
nervous system. When the nervous system is destroyed, dilation of tho 
splanchnic vascular area causes all the blood to remain sbignant in the 
portal vessels, so that little or none reaches the heart. 8o long jis tho 
nervous system is still intact this stagnation does not occur, and tho blood 
reaches the heart; as the blood is pumped away its place is renewed by the 
lymph, supplied by the fluid in the sac, and thus the lu'art may be made 
for a long time to pumj) away the fluid poured into the sac. Btill, though 
we cannot prove any direct connection between the nervous system and 
absorption, tho phenomena of disease render such a connection at least 
probable. 

Thus Ihe* digested contents of the intestine pass into tho blood 
either directly by the portal system or indirectly by means of the 
lymphatics. It cannot be a matter of indifference which course is 
taken by the particular digestive products ; for in the latter case, 
they pass into the general blood-current with only such changes as 
they may undergo in the lymphatic system, while in the former they 
are subjected to the powerful influences of the liver before they find 
their way to the right side of the heart. What those influences arc 
we shall study in a future chapter. 

As was stated above, the great mass of tho digested (ie. 
emulsified) fat passes into tho lacteals. Since however the portal 
blood during digestion contains more fat than the general venous 
blood, some of the fats must pass through into the portal capillaries. 
The portal blood, moreover, during digestion contains a small but ap- 
preciable quantity of soaps. Neither in the portal blood, nor in the 
chyle, nor in the general blood during digestion, is there any appreci- 
able quantity of peptone. Of course the quantity of peptone passing 
into the portal blood at any one moment might be small, and yet 

1 Ludwig’s Arheiten, 1872, p. 197. * Ibid, 1873, p. 61. 

* Pfliiger’s Archive v. (1872) p. 63, 
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a considerable quantity might so pass during the hours of digestion. 
That which did pass, moreover, might be immediately converted back 
again into another form of proteid; and P16sz and Gyergyai^ have 
shewn that peptone injected carefully into a vein disappears from the 
blood, though little or even none passes out by the kidney. Hence 
the failure to find peptone in the blood is an insufficient ailment 
that peptone is not formed during natural digestion. Did the 
peptone pass with the fats into the chyle, one would expect to find 
it in the thoracic duct, though here also a reconversion into native 
proteid might befall it in its transit through the lacteals. It 
must therefore be left uncertain what becomes of the peptone formed 
during digestion, and which way it travels. We know, however, that 
artificially-formed peptone is available for nutrition; thus PI<5sz“ and 
Pldsz and Gyergyai® found that dogs fed on peptone and non-nitro- 
genous food actually put on flesh and gained weight. The chyle 
contains no large amount of sugar, and though sugar may undoubt- 
edly be found after amylaceous meals in the portal blood, we are not 
at present in a position to say whether sugar is absorbed chiefly by 
the portal system or chiefly by the lacteals, still less can we decide 
whether all or even a large part of the carbo-hydrates taken as food 
enter the blood as sugar, or whether the fermentative changes spoken 
of above are carried on in at all a large scale. 

When a solution of sugar is injected into an empty isolated loop of 
intestine a large quantity disa])pears, without the contents of the loop 
becoming acid\ In such a case it may fairly be inferred that the sugar is 
directly absorbed without undergoing any change. And where sugar is 
introduced in largo quantities into the alimentary canal, the percentage of 
sugar in the blood may be temporarily increased; to such an extent indeed 
that sugar may appear in the urine*. But neither of these facts prove that 
the sugar of an ordinary meal, passing as it does along the intestine with 
the other portions of the food, and products of digestion, and appearing as 
it does in most cases in comparatively small quantities at a time from the 
more or less gradual conversion of the starch of the meal, is similarly ab- 
sorbed unchanged ; while in order that the marked acidity of the contents 
of the lower intestine should be kept up, a considerable quantity of sugar 
must suffer lactic acid fermentation, if the acidity be due as stated to lactic 
acid. 

Absorption by diffusion. It is evident, from the discussion just 
concluded, that simple diffusion is far from explaining the whole 
transit of the digested food from the intestine into the blood. Paiii 
of the digestive products, viz. the fats, are not diffusible, and with re- 
gard to the diffusible peptone and sugar, it is uncertain whether they 
pass by simple diffusion through the membrane formed by the epi- 
thelium of the alimentary mucous membrane, the thin capillary walls 
and the adenoid tissue existing between the epithelium and the capil- 

1 Pfliiger’s Arcliiv, x. (1875) 536. * Ihid, ix. (1874) 825. « Op. dt, 

♦ Funke, Lehrh, 0th Aufl. i. p. 235. 

^ C. Schmidt tiud y. Becker quoted in Funke, Op. ciU p. 236. 
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lary, or whether they accompany the fats and enter the lactcals by a 
way which, whatever it be, is not one of simple diffusion. Moreover, 
the fact that unchanged fat makes its way into the portal blood, 
though we are ignorant of the mechanism by which this is effected, 
shews ‘that the entrance of material -directly into the blood, as dis- 
tinguished from its passage into the lacteals, is not simply a matter 
of diffusion. Nevertheless, it must not be supposed that the great 
and general property of diffusion docs not make itself felt in the pro- 
cess of absorption, however much it may, in the case of various sub- 
stances, be subordinated and held in check by more potent influences. 
Thus the passage of water from the alimentary cavity into the blood, 
or from the blood into the alimentary cavity, and the behaviour of 
various inorganic salts, when taken as food or medicine, illustrate 
very clear Jy the influence of osmosis. When the intestine contains a 
large quantity of watery matter, the suiqjlus water passes by diffusion 
into the blood, just as it passes through the membrane of a dialyscr 
with blood, or serous fluid on the one side, and water on the other. 
When an albuminous fluid of the specific gravity of blood-serum is 
exposed in a dialyser to water, about 200 parts of water pass through 
the membrane of the dialyscr from the water into the albuminous 
fluid for every one part of albumin which pjisses from the fluid into 
the water. Moreover, in the living body, the blood in tho mesenteric 
capillary, thus diluted by diffusion from tho intestinal contents, is 
continually being replaced by fresh blood concentrated by its passage 
through the skin, lung, or kidney. By the help of the circulation an 
almost unlimited quantity of water can be absorbed from the alimen- 
tary canal. 

It is a matter of common experience that such inorganic and 
organic salts as are readily diffusible, pass with great rapidity into 
the blood (and thus into the urine) when taken by the mouth ; and 
the rapidity with which they are absorbed is in large measure pro- 
portionate to their diffusibility. Of course, coincident with this pas- 
sage of the salt from the intestine into tho blood, there is a propor- 
tionate current of water in the contrary direction from the blood into 
the intestine ; but this, though opposed to, is, under ordinary circum- 
stances, too small to diminish to any serious extent the passage of 
water from the intestine into the blood, of which we spoke just now, 
as caused by the osmotic influence of the albuminous constituents of 
the blood. But, under certain circumstances, the former may over- 
come tlie latter. Thus, when a concentrated solution of a highly dif- 
fusible salt, such as magnesium sulphate, is introduced into the ali- 
mentary canal, the flow of water from the blood into the intestine 
accompanying the osmotic transit of the salt from the intestine into 
the blood, is so great as largely to exceed the current in the contrary 
direction; and the intestine becomes filled with water at the expense 
of the blood. This is probably the cause of the purgative action of 
large doses of many saline matters. And even the purgative action 
of more dilute solutions may be explained in the same way, since in 
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the case of some salts at least the transit of water as compared to the 
transit of the salt is relatively more rapid with very dilute solutions 
than with more concentrated solutions. Salts such as these, which, 
when introduced into the intestine, produce diarrhoea, bring about 
a contrary condition when injected directly into the blood; and 
magnesium sulphate, with its higher endosmotic equivalent, is more 
purgative in its action than sodium chloride with its lower equivalent. 

Our knowledge of the physiology of digestion is the accumulated gain 
of many labours, some dating back from very old times. To Reaumur, 
Spallanzani, Tiedemann and Gmelin, Ebeiie (who first obtained artificial 
digestion with gastric mucus and an acid), Prout, Schwann (who first intro- 
duced the idea of pepsin^ ^ though Wasmann first obtained it in a compara- 
tively pure state), !&rzelius and other chemists, wo owe much. The obser- 
vations of Dr Beaumont®, carried on by means of the accidental gastric 
fistula of Alexis St Martin, not only added largely to our positive know- 
ledge, but were also of great indirect use as indicating a method of investi- 
gation which has since proved so fruitfuh The labours of Bidder and 
Schmidt^ and Frerichs* were of great value. The publication of Bernard's 
work on pancreatic juice* marked a distinct step in advance; but of far 
greater imi)ortance was the same illustrious physiologist’s discovery of the 
vaso-motor action of the sympathetic, see p. 179, followed up as that was by 
Ludwig’s demonstration® of the secretory activity of the chorda tympani, 
and enlarged, as this has been in turn, as well by the labours of Ludwig 
and his school, as by those of Bernard, Eckhard, Wittich, H ‘idenhain and 
others. To the importance of Ileidenhain’s later observations we have 
called attention in the text. The proofs offered by Corvisart^, and amplified 
by Kiihne®, of the proteolytic action of the pancreatic juice opened out a 
line of inquiry of great imix)rtance, which is as yet far from being ex- 
hausted. 

^ Muller’s Archiv, 1836, p. 90. 

® Exps, and Ohs, on the Gastric Juice and Phys, of Digestion. Boston, U. S. 
1834. 

y Die Verdauungssdfte^ &c, 1862. 

Art. ‘ Verdauung.’ Wagner’s Havdwdrterhuch^ 1846. 

® M6m, sur I, Pancreas, 1856. 

« Zt.f, Pat. Med, N. F. i. p. 255, 1851. 

7 JSur une Fonction pen, connue du Pancreas, 1857# 

® Virchow’s Archiv, xxxix. (1807) p. 130. 
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We have already seen (Introduction, p. 3) that one particular item 
of the body’s income, viz. oxygen, is peculiarly associated with one 
particular item of the body’s waste, viz. carbonic acid, the means 
which are applied for the introduction of the former being also used 
for the getting rid of the latter. Both are gases, and in consequence 
the ingress of the one as well as the egress of the other is far more 
dependent on the simple physical process of diffusion than any on 
active vital processes carried on by means of tissues. Oxygen passes 
from the air into the blood mainly by diffusion, and mainly by diffu- 
sion also from the blood into the tissues ; in the same way carbonic 
acid passes mainly by diffusion from the tissues into the blood, and 
from the blood into the air. Whereas, as we have seen, in the secre- 
tion of the digestive juices the epithelium-cell plays an all-important 
part, in respiration the entrance of oxygen from the lungs into the 
blood, and from the blood into the tissue, and the passage of carbonic 
acid in the contrary direction, are affected, if at all, in a wholly sub- 
ordinate manner, by the behaviour of the pulmonary, or of the capil- 
lary epithelium. What we have to deal with in respiration then is 
not so much the vital activities of any particular tissue, as the various 
mechanisms by which a rapid interchange between the air and the 
blood is effected, the means by which the blood is enabled to carry 
oxygen and carbonic acid to and from the tissues, and the manner in 
which the several tissues take oxygen from and give carbonic acid 
up to the blood. We have reasons for thinking that oxygen can be 
taken into the blood, not only from the lungs, but also from the skin, 
and, as we have seen, occasionally from the alimentary canal also; and 
carbonic acid certainly passes away from the skin, and through the 
various secretions, as well as by the lungs. Still the lungs are so 
eminently the channel of the interchange of gases between the body 
and the air, that in dealing at the present with respiration, we shall 
confine ourselves entirely to pulmonary respiration, leaving the con- 
sideration of the subsidiary respiratory processes till we come to study 
.the secretions of which they respectively form part 
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Sec, !• The Mechanics of Pulmonaby Eespiration, 

The lungs are placed, in a semi-distended state, in the air-tight 
thorax, the cavity of which they, together with the heart, ^eat bloodr 
vessels and other organs, completely fill. By the contraction of cer- 
tain muscles the cavity of the thorax is enlarged ; in consequence the 
pressure of the air witnin the lungs becomes less than that of the air 
outside the body, and this difference of pressure causes a rush of air 
through the trachea into the lungs until an equilibrium of pressure 
is established between the air inside and that outside the lungs. 
This constitutes inspiration. Upon the relaxation of the inspiratory 
muscles (the muscles whose contraction has brought about the 
thoracic expansion), the elasticity of the chest- walls and lungs, aided 
by the contraction of certain muscles and other circumstances, causes 
the chest to return to its original size or even to become smaller; 
in consequence of this the pressure within the lungs now becomes 
greater than that outside, and thus air rushes out of the trachea until 
equilibrium is once more established. This constitutes expiration ; 
the inspiratory and expiratory act together forming a respiration. 
The fresh air introduced into the upper part of the pulmonary 
passages by the inspiratory movement contains more oxygen and 
less carbonic acid than the old air previously present i the lungs. 
By diffusion the new or tidal air, as it is frequently called, gives up its 
oxygen to, and takes carbonic acid from the old or stationary air, and 
thus when it leaves the chest in expiration has been the means of 
both introducing oxygen into the chest and of removing carbonic 
acid from it. In this way, by the ebb and flow of the tidal air, and 
by diffusion between it and the stationary air, the air in the lungs is 
being constantly renewed through the alternate expansion and con- 
traction of the chest. 

In ordinary respiration, the expansion of the chest never reaches 
its maximum; by more forcible muscular contraction, by what is 
called laboured inspiration, an additional thoracic expansion can be 
brought about, leading to the inrush of a certain additional quantity 
of air before equilibrium is established. This additional quantity is 
often spoken of as complemental air. In the same way in ordinary 
respiration, the contraction of the chest never reaches its maximum. 
By calling into use additional muscles, by a laboured expiration, an 
additional quantity of air, the so-called reserve or supplemental air, 
may be driven out. But even after the most forcible expiration, a 
considerable quantity of air, the residual air, still remains in the 
lungs. The natural condition of the lungs in the chest is in fact one 
of partial distension. The elastic pulmonary tissue is always to a 
certain extent on the stretch ; it is always, so to speak, striving to 
pull asunder the pulmonary from the parietal pleura ; but this it 
cannot do, because the air can have no access to the pleural cavity. 
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When however the chest ceases to be air-tight, when by a puncture 
of the chest-wall or diaphragm, air is introduced into the pleural 
chamber, the elasticity of the lungs pulls the pulmonary away from 
the parietal pleura, and the lungs collapse, driving out by the windpipe 
a considerable quantity of the residual air. Even then, however, the 
lungs arc not completely emptied, some air still remaining in the air- 
cells and passages. It need hardly be added that when the pleura is 
punctured, and air can gain free admittance from the exterior into the 
pleural chamber, the effect of the respiratory movements is simply 
to drive air in and out of that chamber, instead of in and out of 
the lung. There is in consequence no renewal of the air within the 
lungs under those circumstances. 

In man the pressure exerted by the elasticity of the lungs alone amounts 
to about 5 mra. of mercury. This is estimated by tying a manometer into 
the windpipe of a dead subject and observing the rise of mercury which 
takes place when the chest-walls are punctured. If the chest be forcibly 
distended beforehand, a much larger rise of the mercury, amounting to 
30 mm. in the case of a distension corres))onding to a very forcible inspira- 
tion, is observed. In the living body this mechanical elastic force of the 
lungs is assisted by the contraction of the plain muscular fibres of the 
bronchi; the pressure however which can be exerted by these probably 
does not exceed 1 or 2 mm. 

When a manometer is introduced into a lateral opening of the windpipe 
of an animal, the mercury will fall, indicating a negative pressure as it is 
called, during inspiration, and rise, indicating a positive pressure, during 
expiration, the former or negative pressure amounting to about 3 mm., and 
the latter or positive pressure to 2 ram. of mercury. When a manometer 
is fitted with air-tight closure into the mouth, or bettor, in order to avoid 
tlie suction-action of the mouth, into one nostril, the other nostril and the 
mouth being closed, and efforts of inspiration and expiration are made, the 
inercuiy falls or undergoes negative pressure with inspiration, and rises, or 
undergoes positive pressure during expimtion. Donders foimd in this way 
that the negative pressure of a strong inspii'atory effort varied from 30 to 
74 mm., while the positive pressure of a strong expiration varied from G2 
to 100 mm. 

The total amount of air which can be given out by the most forci- 
ble expiration following upon a most forcible inspiration, that is, the 
sum of the cdmplemental, tidal and reserve airs, was called by 
Hutchinson ‘'the vital capacity;” “extreme differential capacity” is a 
better phrase. It may be measm^ed by a modification of a gas-meter 
called a spirometer. The medium vital capacity may be put down at 
3 — 4000 cc. (200 to 250 cubic inches). 

Independent of other causes of variation, Hutchinson found the vital 
capacity to be decidedly dependent on stature, the taller persons Ijaving the 
greater capacity. 

Of the whole measure of vital capacity, about 500 cc. (30 c. inch) 
may be put down as the average amount of tidal air, the remainder 
being nearly equally divided between the complemental and reserve 
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airs. The quantity left in the lungs after the deepest expiration 
amounts to about liQO — 2000 cc. 

Since the respiratory movements are so easily aflTected by various 
circumstances, the simple fact of attention being directed to the breathing 
being sufficient to cause modifications, both of the rate and depth bf the 
respiration, it becomes very difficult to fix the volume of an average breath. 
Thus various authors have given figures varying from 53 cc. to 792 cc. 
The statement made above is that given by Vierordt as the mean of obser- 
vations varying from 177 to 699 cc. 

The Bhythm of Bespiration* If the movements of the column 
of tidal air, or the movements of expansion and contraction, or the fall 
and rise of the diaphragm, be registered, some such curve as that 
represented in Fig. 38 is obtained. 



Fio. 38. Tbacino of Thoracic Bespibatory Movements obtained bit means op 
Marey’s Pneumograph. (To be read from left to right.) 

A whole respiratory phase is comprised between a and a\ inspiration, during which 
the lever descends, extending from a to b, and expiration from b to a. The 
undulations at c are caused by the heart’s beat. 

The movements of the column of air may he recorded by introducing a 
T piece into the trachea, one cross piece being left open or connected 
with a piece of indiambber tubing open at the end, and the other connected 
with|.a Marey's tambour or with a receiver which in turn is connected 
with a tambour, Fig. 39. The movements of the column of air in the 
trachea are transmitted to the tambour, the consequent exjiansions and 
contractions of which are tiunsmitted by moans of a lever resting on it to 
the recording drum. The movements of the chest- walls may be recorded 
by means of the recording stethometer of Burden Sanderson*. This con- 
sists of a rectangular framework constructed of two rigid parallel bars joined 
at right angles to a cross piece. The free ends of the bars, the distance 
between which can be regulated at pleasure, are armed, the one with a 
tambour the other simply with an ivory button. The tambour also bears on 
the metal plate of its membrane (Fig. 23 9n', p. 117) a small ivory button 
(in place of the lever shewn in Fig. 23). When it is desired to record tlie 
changes occurring in any diameter of the chest, e,g, an antero-posterior 
diameter from a point in the back to a point in the sternum, the instrument 
is made to encircle the chest somewhat after the fashion of a pair of calli- 
pers, the ivory button at one free end being placed on the spine of a verte- 

1 Hdb, Phy$. Lab, p. 291. 





258 MECHANICS OF RESPIRATION [Book il 

Fxa« 89. Appabatub for taking Tbaoinos of thb Moybicbiitb of tbb 
Gobumn of Aib in Bbbpibation. 

The recording appanttne shewn is the ordinary cylinder recor^ng apparstns. The 
cylinder A cove]^ with smoked paper is by means of the friction-plate B put into 
revolution by the spring clock-work in 0 regulated by Foucault’s regulator D. By 
means of the screw £, ihe cylinder can be raised or lowered, and by means lof the 
screw F its speed mey be increased or diminished. 

The tracheotomy tube t fixed in the trachea of an animal is connected by india- 
rubber tubing a with a glass T piece inserted into the large jar G. From the other 
end of riae T piece proceeds a second piece of tubing 6, the end of which can bo either 
closed or partially obstructed at pleasure by means of the screw clamp c. From the 
jar proceeds a third piece of tubing^ d, connected with a Marey’s tambour m (see 
Fig. 23, p. 117), the lever of which I writes on the recording surface. When the tube 
h is open the animal breathes freely through this, and the movements in the am of 
G and consequently in the tambour are slight. On closing the clamp c, the animal 
breathes only the air contained in the jar, and the movements of the lever of the 
tambour become consequently much more marked. 

Below the lever is seen a small time-marker 7i connected with an electromagnet, the 
current through which coming from a battery by the wires x and y is made and broken 
by a clock-work or metronome, 

bra behind and the tambour at the other on the sternum in front in the 
line of the diameter which is being studied. The distance between the 
free ends of the instniment being carefully adjusted so that the button of 
the tambour presses slightly on the sternum, any variations in the length of 
the diameter in question will, since the framework of the tambour is 
immobile, give rise to variations of pressure within the tambour. These 
variations of the ‘‘receiving’* tambour as it is called are conveyed by a 
flexible tube containing air to a second or “recording” tambf similar to 
that shewn in Fig. 23, the lever of which records the variations on a 
travelling surface. For the purpose of measuring the extent of the move- 
ments the instniment must be experimentally graduated. In Marey’s 
pneumograph, a long elastic chamber is used as a pectoi*al girdle. When 
the chest expands, the girdle is elongated, and the air within it rarefied, 
and the lever of the tambour connected with it depressed j and conversely, 
when the chest contracts, the lever is elevated. The pneumograph of 
Fick is somewhat similar. The movements of the diaphragm may be 
registered by means of a needle, which is thrust through the sternum 
so as to rest on the diaphragm, the head of the needle being connected 
with a lever'. 

It is seen that in Fig. 38 inspiration begins somewhat suddenly 
and advances rapidly, that expiration succeeds inspiration immedi- 
ately, advancing at first rapidly, but afterwards more and more slowly, 
and that such pauses as are seen occur between the end of expiration 
and the beginning of inspiration. In normal breathing, hardly any 
pause is observed between the extreme end of expiration and the 
beginning of inspiration, but in cases where the respiration becomes 
infrequent, pauses of considerable length may be observed. 

In what may be considered as normal breathing, the respiratoiy 
act is repeated about 17 times a minute; and the duration of the 
inspiration as compared with that of the expiration and such pause 
as exists is about as ten to twelve. 

1 See Hdh, Physiol, Ldborat, p. 295, 
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The rate of the respiratory rhythm varies very largely, and in this aa 
in the volume it is very difficult to fix a satisffictory average. While 
Hutchinson places it at 20 a minute, Vierordt puts it at 11*9, and Punke 
at 13*5. The frequency is greater in children than in adults, but rises 
again, some what after 30 years of age. Quetelet gives the rate of respira- 
tion of newborn infants at 44 ; from 1 to 5 years, 26, from 25 to 30, 16, 
from 30 to 50, 18*1 per minute. The rate is influenced by the position of 
the body, being quicker in standing than in lying, and in lying than in 
sitting. Muscular exertion and emotional conditions affect it deeply. In 
fact, almost every event which occura in the body may influence it. We 
shall have to consider in detail hereafter the manner in which this influ- 
ence is brought to bear. 

'When the ordinary respiratory movements prove insufficient to 
effect the necessary changes in the blood, their rhythm and character 
become changed. Normal respiration gives place to laboured respi- 
ration, and this in turn to dyspnoea, which,, unless some restorative 
event occurs, terminates in asphyxia. These abnormal conditions we 
shall study more fully hereafter. 

The Respiratory Movements. 

When the movements of the chest during normal breathing are 
watched, it is seen that during respiration an enlargement takes 
place in the antero-posterior diameter, the sternum being thrown 
forwards, and at the same time moving upward. The lateral width 
of the chest is also increased. The vertical increase of the cavity is 
not so obvious from the outside, though when the movements of the 
diaphragm are watched by means of an inserted needle, the upper 
surface of that organ is seen to descend at each inspiration, the 
anterior walls of the abdomen bulging out at the same time. In the 
female human subject, the movement of the upper part of the chest 
is very conspicuous, the breast rising and falling with every respira- 
tion ; in the male, however, the movements are almost entirely con- 
fined to the lower part of the chest. In laboured respiration all 
parts of the chest are alternately expanded and contracted, the 
breast rising and falling as well in the male as in the female. 
We have now to consider these several movements in greater 
detail, and to study the means by which they are carried out. 

Inspiration. There are two chief means by which the chest is 
enlarged in normal inspiration, viz. the descent of the diaphragm 
and the elevation of the ribs. The former causes that movement in 
the lower part of the chest and abdomen so characteristic of male 
breathing, which is called diaphragmatic ; the latter causes the move- 
ment of the upper chest characteristic of female breathing, which is 
called costal. These two main factors are assisted by less important 
and subsidiary events. 

The descent of the diaphragm is effected by means of the con- 
traction of its muscular fibres. When at rest the diaphragm 

17—2 
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presents a convex surface to the thorax; when contracted it 
becomes much flatter, and in consequence the level of the chest- 
floor is lowered, the vertical diameter of the chest being pro- 
portionately enlarged. In descending, the diaphragm presses on the 
abdominal viscera, and so causes a projection of the flaccid abdo- 
minal walls. From its attachments to the sternum and the false 
ribs, the diaphragm, while contracting, naturally tends to pull the 
sternum and the upper false ribs downwards and inwards, and the 
lower false ribs upwards and inwards, towards the lumbar spine. In 
normal breathing, this tendency produces little effect, being counter- 
acted by the accompanying general costal elevation, and by certain 
special muscles to be mentioned presently. In forced inspiration 
however, and especially where there is any obstruction to the 
entrance of air in the lungs, the lower ribs may be so mucli 
drawn in by the contraction of the diaphragm, that the girth of 
the trunk at this point is obviously diminished. 

The elevation of the ribs is a much more complex matter than 
the descent of the diaphragm. If we examine any one rib, such as 
the fifth, and observe that while it moves freely on its vertebral arti- 
culation, it descends when in the position of rest in an oblique 
direction from the spine to the sternum, it is obvious that when the 
rib is raised, its sternal attachment must not only be carried upward, 
but also thrown forwards. The rib may in fact be re'mrded as a 
radius, moving on the vertebral articulation as a centre, ind causing 
the sternal attachment to describe an arc of a circle in the vertical 
plane of the body ; as the rib is carried upwards from an oblique to 
a more horizontal position, the sternal attachment must of necessity 
be carried farther away in front of the spine. Since all the ribs have 
a downward slanting direction, they must all tend, when raised 
towards the horizontal position, to thrust the sternum forward, 
some more than others according to their slope and length. The 
elasticity of the sternum and costal cartilages, together with the 
articulation of the sternum to the clavicle above, permit the front 
surface of the chest to be thus thrust forwards as well as upwards, 
when the ribs are raised. By this action, the antero-posterior dia- 
meter of the chest is enlarged. 

According to A. Ransome, the forward movement of the upper ribs is 
so great that it can only be accounted for by a concomitant straightening of 
the ribs. 

Since the ribs form arches which increase in their sweep as one 
proceeds from the first downwards as far at least as the seventh, it is 
evident that when a lower rib such as the fifth is elevated so as to 
occupy or to approach towards the position of the one above it, 
the chest at that level will become wider from side to side, 
in proportion as the fifth arch is wider than the fourth. Thus 
the elevation of the rib increases not only the antero-posterior but 
also the transverse diameter of the chest. Further, on account 
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of tlie resistance of the sternum, the angles between the ribs and 
their cartilages are, in the elevation of the ribs, somewhat opened 
out, and thus also the transverse as well as the antero-posterior 
diameter somewhat increased. In several ways, then, the elevation 
of the ribs enlarges the dimensions of the chest. 

The ribs are raised by the contraction of certain muscles. Of 
these the external intercostals are the most important. Even in the 
case of two isolated ribs such as the fifth and sixth, the contraction 
of the external intercostal muscle of the intervening space raises the 
two ribs, thus bringing them towards the position in which the fibres 
of the muscle have the shortest length, viz. the horizontal one. This 
elevating action is further favoured by the fact that the first rib is 
less moveable than the second, and so affords a comparatively fixed 
base for the action of the muscles between the two, the second in 
turn supporting the third and so on, while the scaleni muscles in 
addition serve to render fixed, or to raise, the first two ribs. 

So that in normal respiration, tlie act begins probably by a con- 
traction of the scaleni. The first two ribs being thus fixed, the con- 
traction of the series of intercostal muscles acts to the greatest advan- 
tage. From the direction and attachments of their fibres, ihose 
portions of the internal intercostal muscles which lie between the 
sternal cartilages of the upper seven ribs, also seem calculated to 
raise the ribs by their contractions ; and direct observation, as far as 
it goes, is in favour of their possessing such an action. Whether the 
rest of the internal intercostals can be considered as elevators of the 
ribs is more than doubtful. 

In the well-known model invented by Bernoulli and adopted by Ham- 
berger, consisting of two rigid bars, representing the ribs, moving vertically 
by means of their articulations with an upright representing the spine and 
connected at their free ends by a jjicce representing the sternum, it is 
undoubtedly true that stretched elastic bands attached to the bars in such 
a way as to represent respectively the external and internal intercostals, 
viz. sloping in the one case downwards and forwards and in the other 
downwards and backwards, do, on being left free to contract, in the former 
case elevate and in the latter depress the ribs. 

Such a model however does not fairly represent the natural conditions 
of the ribs, which are not straight and rigid, but peculiarly curved and of 
varying elasticity, capable moreover of rotation on their own axes, and 
having their movements determined by the characters of their vertebral 
articulations. On the other hand, the absence of the external muscles in 
front and the internal behind seems to point to their both acting towards 
the same end, and the experiments of Duchenne, though not conclusive, 
support the view that the internal act as elevators along their whole course. 
The mechanical conditions are in the case of these muscles so comi)lex, 
and the deduction of their actions from simple mechanical principles so 
exceedingly difficult and dangerous, and the want of direct exact empincal 
knowledge so great, that it must at present be left an oi)en question, 
■whether the internal intercostals, or at least certain parts of them, are 
inspiratory or expiratory or in a certain sense neither. Haller may bo 
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regarded as the leader of those who regard them as inspiratory, while 
Hamberger was the first who successfully advocated the perhaps more 
oommonly adopted view that those parts of the interoosteds which lie 
between the osseous ribs act as depressors, and must in consequence be 
regarded as expiratory. , 

Next in importance to the external intercostals come the levatores 
costarum, which, though small muscles, are able, from the nearness 
of their costal insertions to the fulcrum, to produce considerable 
movement of the sternal ends of the ribs. The external intercostals 
and the levatores costarum with the scaleni may fairly be said to be 
the elevators of the ribs, i c. the chief muscles of costal inspiration in 
normal breathing. 

Additional space in the transverse diameter is afforded probably by the 
rotation of the ribs on an antero-posterior axis; but this movement is 
quite subsidiary and unimportant. When the chest is at rest, the ribs are 
somewhat inclined with their lower borders dimcted inwards as well as 
downwards. When they are drawn up by the action of the intercostal 
muscles, their lower borders are everted. Thus their flat sides are pre- 
sented to the thoracic cavity, which is thereby slightly increased in width. 

Laboured Inspiration. When respiration becomes laboured, 
other muscles are brought into play. The scaleni are strongly 
contracted, so as to raise or at least give a very fixed support 
to the first and second ribs. In the same way che serratus 
posticus superior, which descends from the fixed spine in the lower 
cervical and upper dorsal regions to the second, third, fourth and 
fifth ribs, by its contractions raises those ribs. In laboured breathing 
a function of the lower false ribs, not very noticeable in easy breath- 
ing, comes into play. They are depressed, retracted, and fixed, there- 
by giving increased support to the diaphragm, and directing the 
whole energies of that muscle to the vertical enlargement of the 
chest. In this way the serratus posticus inferior, which passes upward 
from the lumbar a[)oneurosis to the last four ribs, by depressing and 
fixing those ribs becomes an adjuvant inspiratory muscle. The 
quadratus lumborum and lower portions of the sacro-lumbalis may 
nave a similar function. 

All these muscles may come into action even in breathing which, 
deeper than usual, can hardly perhaps be called laboured. When 
however the need for greater inspiratory efforts becomes urgent, all 
the muscles which can, from any fixed point, act in enlarging the 
chest, come into play. Thus the arms and shoulder being fixed, the 
serratus magnus passing from the scapula to the middle of the first 
eight or nine ribs, the pectoralis minor passing from the coracoid to 
the front parts of the third, fourth, and fifth ribs, the pectoralis major 
passing from the humerus to the costal cartilages, from the second to 
the sixth, and that portion of the latissimus dorsi which passes from 
the humerus to the last three ribs, all serve to elevate the ribs and 
thus to enlarge the chest. The stemo-mastoid and other muscles 
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passing from the neck to the sternum, are also called into action. In 
fact, every muscle which by its contraction can either elevate the 
ribs or contribute to the fixed support of muscles which do elevate 
the ribs, such as the trapezius, levator anguli scapulse and rhomboidei 
by fixing the scapula, may, in the inspiratory efforts which accompany 
dyspnoea, be brought into play. 

Expiration. In normal easy breathing, expiratioin is in the 
main a simple etfect of elastic reaction. By the inspiratory effort the 
elastic tissue of the lungs is put on the stretch; so long as the inspira- 
tory muscles continue contracting, the tissue remains stretched, but 
directly those muscles relax, the elasticity of the lungs comes into 
play and drives out a portion of the air contained in them. Similarly 
the elastic sternum and costal cartilages are by the elevation of the 
ribs put on the stretch; they are driven into a position which is 
unnatural to them. When the intercostal and other elevator muscles 
cease to contract, the elasticity of the sternum and costal cartilages 
causes them to return to their previous position, thus depressing the 
ribs, and diminishing the dimensions of the chest. When the dia- 
phragm descends, in pushing down the abdominal viscera, it puts tlie 
abdominal walls on the stretch ; and hence, when at the end of inspi- 
ration the diaphragm relaxes, the abdominal walls return to ‘their 
place, and by pressing on tlie abdominal viscera, push the diaphragm 
up again into its position ef rest. Expiration then is, in the main, 
simple elastic reaction; but it is obvious that since external work 
has been effected by the respiratory act, viz, the movement of the 
column of air, the reaction of expiration must fall short of the action 
of inspiration ; there must be some, though it may be a very slight, 
additional expenditure of energy to bring the chest completely to its 
former condition. This is, as we have seen, supposed by many to bo 
afforded by the internal intercostals acting as depressors of the ribs. 
If these do not act in this way, we may suppose that the elastic 
return of the abdominal walls is accompanied and assisted by a con- 
traction of the abdominal muscles. The triangularis stemi, the effect 
of whose contraction is to pull down the costal cartilages, may also 
be regarded as an expiratory muscle. 

When expiration becomes laboured, the abdominal muscles 
become important expiratory agents. By pressing on the contents 
of the abdomen, they thrust them and the diaphragm up into the 
chest, the vertical diameter of which is thereby lessened, and by pull- 
ing down the sternum and the middle and lower ribs they lessen also 
the cavity of the chest in its antero-posterior and transverse 
diameters. They are in fact the chief expiratory muscles, though 
they are doubtless assisted by the serratus posticus inferior and 
portions of the sacro-lumbalis, since when the diaphragm is not con- 
tracting, the depression of the lower ribs which the contraction of 
these muscles causes, serves only to narrow the chest. As expiration 
becomes more and mor*e forced, every muscle in the body which can 
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either by contracting depress the ribs, or press on the abdominal 
viscera, or afford fixed support to muscles having those actions, is 
called into play. 

Facial and Laryngeal Respiration. The thoracic respiratoiy 

movements are accompanied by associated respiratory movements of ‘other 
parts of the body, more particularly of the face and of the glottis. 

In normal healthy respiration the current of air which passes in and 
out of the lungs, travels, not through the mouth but through the nose, 
viz., chiefly through the lower nasal meatus. The ingoing air, by exposure 
to the vascular mucous membrnne of the narrow and winding nasal pas- 
sages, is more efficiently warmed than it would be if it passed through the 
month; and at the same time the mouth is thereby protected from the 
desiccating effect of the continual inroad of comparatively dry air. 

During each in8i)iratory effort the nostrils are expanded, probably by 
the action of the dilatores naris, and thus the entrance of air facilitated. 
The return to their previous condition during expiration is effected by the 
elasticity of the nasal cartilages, assisted perhaps by the compressores naris. 
This movement of the nostrils, perceptible in many people, even during 
tranquil breathing, becomes very obvious in laboured respiration. 

When the mouth is closed, the soft palate which is held somewhat 
tense, is swayed by the respiratory current, but entirely in a passive man- 
ner, and it is not until the larynx is reached by the ingoing air that any 
active movements are met with. When the larynx is examined with the 
laryngoscope, it is frequently seen that, while during inspiration the glottis 
is widely open, with each expiration the arytenoid cartilages rbach each 
other so as to narrow the glottis, the cartilages of Santorini projecting in- 
wards at the same time. Thus, synchronous with the respiratory expan- 
sion and contraction of the chest, and the respiratory elevation and depres- 
sion of the alee nasi, there is a rhythmic widening and narrowing of the 
glottis. Like the movements of the nostril, this respiratory action of the 
glottis is much more evident in laboured than in tranquil breathing. Indeed 
in the latter case it is frequently absent. The manner in which this 
rhythmic opening and narrowing is effected will be described when we 
come to study the production of the voice. Whether there exists a rhyth- 
mic contraction and exi)ansion of the trachea and bronchial passages effected 
by means of the plain muscular tissue of those organs and synchronous with 
the respiratory movements of the chest, is uncertain ^ 

Sec. 2. Changes of the Air in Respiration. 

During its stay in the lungs, or rather during its stay in the 
bronchial passages, the tidal air (by means of diffusion chiefly) effects 
exchanges with the stationary air; in consequence the expired air 
differs from inspired air in several important particulars. 

1. The temperature of expired air is variable, but under prdinary 
circumstances is higher than that of the inspired air. At an average 
temperature of the atmosphere, for instance at about 20® C., the 

^ CL Horvath, Pflttger’s Archiv, Hii. (1676) p. 508. 
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temperature of expired air is, in the mouth 33’9®, in the nose 36*3®. 
When the external temperature is low, that of the expired air 
sinks somewhat, but not to any great extent, thus at --6'3®C. it is 
29’8®C. When the external temperature is high, the expired air 
may become cooler than the inspired, thus at 41’9® it was found by 
Valentin to be 38*1®. The exact temperature in fact depends on the 
relative temperatures of the blood and inspired air, and on the depth 
and rate of breathing. 

2. The expired air is loaded with aqueous vapour. The point of 
saturation of any gas, that is, the utmost quantity of water which any 
given volume of gas can take up as aqueous vapour, varies with the 
temperature, being higher with the higher temperature. For its own 
temperature expired air is according to most observers saturated 
with aqueous vapour. According to Edward Smith it is, when 
fasting, only half saturated. 

3. When the total quantity of tidal air given out at any expira- 
tion is compared with that taken in at the corresponding inspiration, 
it is found that, both being dried and measured at the same pressure, 
the expired air is less in volume than the inspired air, the difference 
amounting to about ^th. or -g^th of the volume of the latter. Hence, 
when an animal is made to breathe in a confined space, the atmosphere 
is absolutely diminished, as was observed so long ago as 1G74 by 
Mayow. The approximate equivalence in volume between inspired 
and expired air arises from the fact that the volume of any given 
quantity of carbonic acid is equal to the volume of the oxy^^en con- 
sumed to produce it ; the slight falling short of the expired air is due 
to the circumstance that all the oxygen inspired does not reappear in 
the carbonic acid expired, some having formed other combinations. 

4. The expired air contains about 4 or 5 p. c. less oxygen, and 
about 4 p. c. more carbonic acid than the inspired air, the quantity of 
nitrogen suffering but little change. Thus 

oxygen. nitrogen. carbonic acid. 

Inspired air contains 20*81 79*15 *04 

Expired „ „ 16-033 79*557 4*380. 

The quantity of nitrogen in the expired air is sometimes found to 
be greater, as in the table above, but sometimes less, than that of the 
inspired air. 

W. Edwards thought that nitrogen was absorbed in cold, and thrown 
out in warm weather. W. Miiller observed that in an atmosphere consist- 
ing entirely of nitrogen, an absorption, and in one devoid of nitrogen or 
containing little nitrogen, an escape of nitrogen took place; a result which 
a2)pears probable. 

In a single breath the air is richer in carbonic acid (and poorer in 
oxygen), at the end than at the beginning. Hence the longer the breath is 
held, the greater the pause between inspiration and expiration, the higher 
the percentage of carbonic acid in the expired air. Thus Eocher found 
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that by increasing the pause from 0 to 100 seconds, the percentage wm 
raised from 3*6 to 7*5. The rate of increase however continually dimi- 
nishes, being greatest at the beginning of the period. 

When the rate of breathing remains the same, by increasing the depth 
of the breathing the percentage of carbonic ucid in each breath is lowered, 
but the total quantity of oarb^c acid expired in a given time is increased. 
Similarly, when the depth of breath remains the same, by quickening the 
rate the percentage of carbonic acid in each breath is lowered, but the 
quantity expired in a given time is increased. 

The variations in both the consumption of oxygen and production of 
carbonic acid, due to variations in pressure, will be considered in conneo 
tion with the respiratory changes of blood. 

Taking, as we have done, at 500 c.a the amount of tidal air 
passing in and out of the chest of an average man, such a person will 
expire about 22 c.c. of carbonic acid at each breath ; this, reckoning 
the rate of breathing at 17 a minute, would give over 500 litres of 
carbonic acid for the day's production. By actual experiment, how- 
ever, Pettonkofer and Voit, of whose researches we shall have to speak 
hereafter, determined the total daily excretion of carbonic acid in an 
average man to be 800 grms., i.e, rather more than 400 litres (400), 
containing 218*1 grms. carbon, and 581*9 grms. oxygen, the oxygen 
actually consumed at the same time being about 700 grms. This 
amount represents the gases given out and taken m, not by the lungs 
only, but by the whole body ; but the amount of carbonic afeid given 
out by the skin is, as we shall see, very slight (10 grms. or even less), 
so that 800 grms. may be taken as the average production of carbonic 
acid by an average man. The quantity however, both of oxygen con- 
sumed and of carbonic acid given out, is subject to very wide varia- 
tions, thus in Pettenkofer and Voit's observations, the daily quantity 
of carbonic acid varied from 68G to 1285 grms., and that of the oxygen 
from 594 to 1072 grms. These variations and their causes will be 
discussed when we come to deal with the problems of nutrition. 

The quantity of carbonic acid produced and oxygen consumed increases 
in man from biHh up to about thirty years and after that diminishes. In 
the female, the quantity, always less than that of man, increases up to 
pubeit-y, remains during the menstrual life at a standstill, and after the 
climacteric declines. 

5. Besides carbonic acid, expired air contains various impurities, 
many of an unknown nature, and all in small amounts. Ammonia 
has been detected in expired air, even in that taken directly from 
the trachea, in which case its presence could not be due to decom- 
posing food lingering in the mouth. According to Lossen, the 
amount given off in ordinary respiration in 24 hours is *014 grm. 
When the expired air is condensed by being conveyed into a cooled 
receiver, the aqueous product is found to contain organic matter, and 
rapidly to putrefy. The organic substances thus shewn to be present 
in the expired air are the cause in part of the odour of breath. It is 
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probable that many of them are of a poisonous nature; for an 
atmosphere containing simply 1 p. c. of carbonic acid (with a cor- 
responding diminution of oxygen) has very little effect on the 
animal economy, whereas an atmosphere in which the carbonic acid 
has been raised to 1 p. c. by breathing, is highly injurious. In fact, 
air rendered so far impure by breathing that the carbonic acid amounts 
to '08 p. c. is distinctly unwholesome, not so much on account of tho 
carbonic acid, as of the accompanying impurities. Since these impuri- 
ties are of unknown nature and cannot be estimated, the easily 
determined carbonic acid is usually taken as the measure of their 
presence. We have seen that the average man loads, at each breath, 
500 c. c, of air with carbonic acid to the extent of 4 p. c. He will 
accordingly at each breath load 2 litres to the extent of 1 p. c.; and 
in one hour, if he breathe 17 times a minute, will load rather more 
than 2000 litres to the same extent. At the very least then a man 
ought to be supplied with this quantity of air hourly; and if tho 
air is to be kept fairly wholesome, that is with the carbonic acid 
reduced to '1 p.c., he should have ten times as much. 


Sec. 3. The KEspiRATORy Changes in the Blood. 

While the air in passing in and out of the lungs is thus robbed of 
a portion of its oxygen, and loaded with a certain quantity of 
carbonic acid, the blood as it streams along tho pulmonary capil- 
laries undergoes important correlative changes. As it leaves tho 
right ventricle it is venous blood of a dark purple or maroon colour ; 
when it falls into the left auricle, it is arterial blood of a bright 
scarlet hue. In passing through the capillaries of the body from the 
left to the right side of the heart, it is again changed from the arterial 
to the venous condition. We have to intjuire, What are the essential 
differences between arterial and venous blood, by what means is the 
venous blood changed into arterial in tho lungs, and tho arterial into 
venous in the rest of the body, and what relations do these changes 
in the blood bear to the changes in the air which we have already 
studied ? 

The facts, that venous blood at once becomes arterial on being 
exposed to or shaken up with air or oxygen, and that arterial blood 
becomes venous when kept for some little time in a closed vessel, 
or when submitted to a current of some indifferent gas such as 
nitrogen or hydrogen, prepare us for the statement that the funda- 
mental difference between venous and arterial blood is in tho relative 
proportion of the oxygen and carbonic acid gases contained in each. 
From both, a certain quantity of gas can be extracted by means 
which do not otherwise materially alter the constitution of the 
blood ; and this gas when obtained from arterial blood is found to 
contain more oxygen and less carbonic acid than that obtained 
from venous blood. This is tho real differential character of the 
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two bloods; all other differences are either, as we shall see to be the 
case with the colour, dependent on this, or are unimportant and 
fluctuating. 

If the quantity of gas which can be extracted by the mercurial 
air-pump from 100 vols. of blood be measured at 0® 0., and a 
pressure of 760 mm., it is found to amount, in round numbers, to 60 
vols.‘ 

The vacuum produced by the ordinary mechanical air-pump is insuf- 
ficient to extract all the gas from blood. Hence it becomes necessary to 
use either a large Torricellian vacuum or a SprengePs pump. In the former 
(Fig. 40) case two large globes of glass, one fixed and the other moveable, 
connected by a flexible tube; the fixed globe is made to communicate 
by means of air-tight stopcocks alternately with a receiver containing the 
blood, and with a receiver to collect the gas. When the moveable globe 
filled with mercury is raised above the fixed one, the mercury from the 
former runs into and completely fills the latter, the air previously i)resent 
being driven out. After adjusting the cocks, the moveable globe is then 
depressed thirty inches below the fixed one, in which the consequent fall of 
the mercury produces an almost comiilete vacuum. By turning the proper 
cock this vacuum is put into connection with the receiver containing the 
blood, which thereupon becomes proportionately exhausted. By again 
adjusting the cocks and once more elevating the moveable globe, the gas 
thus exti*acted is driven out of the fixed globe into a receiver, and the 
vacuum once more established. The operation is repeated long as gas 
continues to bo given off from the blood. This form of pump, i introduced by 
Ludwig, or a modification of it, with drying apparatus, employed by Pfliiger, 
is the one which has been hitherto most extensively used ; but a Hprengers 
pump is preferred by some. 

The average composition of this gas is in the two kinds of blood 
as follows ; 

From 100 vols. may be obtained 

Of oxygen, of carbonic acid, of nitrogen. 

Of Arterial Blood, 20 (16) vols. 39' (30) vols. 1 to 2 vols. 

Of Venous Blood, 8 to 12 (6 to 10) vols, 46 (35) vols. 1 to 2 vols. 

all measured at 760 mm, and 0” C.* 

It will bo convenient to consider the relations of each of these 
gases separately. 


The relations of Oxygen in the Blood. 

When a liquid such as water is exposed to an atmosphere con- 
taining a gas such as oxygen, some of the oxygen will be dis- 
solved in the water, that is to say will be absorbed from the 

^ Or, at a pressure of 1 metre, about 60 vols. 

^ The numbers in brackets represent in round numbers the same amounts measured, 
according to the present German method, at a pressure of 1 metre. 
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Fia. 40. Dugrammatio Illustration of Luuwig^s Merourul Gas Pump. 

A and B are two glass globes, connected by strong india-mbber tubes, a and &, 
with two similar glass globes A' and B'. A is further connected by means of the 
stopcock c with the receiver C containing the blood (or other fluid) to be analysed, 
and B by means of the stopcock d and the tube e with the receiver D for receiving 
the gases. A and B are also connected with each other by means of the stopcocks 
/ and y, the latter being so arranged that B also communicates with B' by the passage 
g\ Af and B' being full of mercury and the cooks k, /, g, and d being open but 
c and g' closed, on raising A' by means of the pulley jp the mercury of A' fills A, 
driving out the air contained in it, into B, and so out through c. When the mercuijy 
has risen above < 7 , / is closed, and g' being opened, B' is in turn raised till B is 
completely filled with mercury, all the air previously in it being driven out through e. 
Upon closing d, and lowering B', the whole of the mercury in B falls in B', and a 
vacuim consequently is established in B. On closing g\ but opening y, /, and k and 
lowering A', a vacuum is similarly established in A and in the junction between 
A and B. If the cock c be now opened the gases of the blood in 0 escape into the 
vacuum of A and B. By raising A', after the closure of c, and opening of d, the 
gases so set free are driven h*om A into B, and by the raising of B' from B, through e 
into the receiver P, standing over mercury. 
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atmosphere. The quantity which is so absorbed will depend on the 
quantity of oxygen which is in the atmosphere above ; that is to 
say on the pressure of the oxygen ; the greater the pressure of 
the oxygen, the larger the amount which will be absorbed. If on 
the other hand water, already containing a good deal of oxygen dis- 
solved in it, be exposed to an atmosphere containing little or no 
oxygen, the oxygen will escape from the water into the atmosphere. 
The oxygen in fact which is dissolved in the water is in a state of 
tension, the degree of tension depending on the quantity dissolved ; 
and when water containing oxygen dissolved in it is exposed to any 
atmosphere, the point whether the oxygen escapes from the water 
into the atmosphere, or passes from the atmosphere into the water, 
depends on whether the tension of the oxygen in the water is greater 
or less than the pressure of the oxygen in the atmosphere. Hence 
when water is exposed to oxygen, the oxygen either escapes or is 
absorbed until equilibrium is established between the pressure of 
the oxygen in the atmosphere above and the tension of the oxygen 
in the water below. This result is, as far as mere absorption and 
escape are concerned, quite independent of what other gases are 
present in the water or in the atmosphere. Suppose a half-litre of 
water were lying at the bottom of a two-litre flask, and that the 
atmosphere in the flask above the water was one-third oxygen ; it 
would make no difference, as far as the absorption of oxvgen by the 
water was concerned, whether the remaining two-th rds of the 
atmosphere was carbonic acid, or nitrogen, or hydrogen, or whether 
the space above the water was a vacuum filled to one-third with pure 
oxygen. Hence it is said that the absorption of any gas depends on 
the partial pressure of that gas in the atmosphere to which the 
liquid is exposed. This is true not only of oxygen and water, but of 
all gases and liquids which do not enter into chemical combination 
with each other. Different liquids will of course absorb different 
gases with differing readiness, but with the same gas and the same 
liquid, the amount absorbed will depend directly on the partial pres- 
sure of the gas. It should be added that the process is much in- 
fluenced by temperature. Hence to state the matter generally, the 
absorption of any gas by any liquid, will depend on the nature of 
the gas, the nature of the liquid, the pressure of the gas, and the 
temperature at which both stand. 

Now it might be supposed, and indeed was once supposed, that 
the oxygen in the blood was simply dissolved by the blood. If this 
were so, then the amount of oxygen present in any given quantity of 
blood exTOsed to any given atmosphere, ought to rise and fall steadily 
and regularly as the partial pressure of oxygen in that atmosphere is 
increased or diminished. Hut this is found not to be the case. If 
we expose blood containing little or no oxygen to a succession of 
atmospheres containing increasing quantities of oxygen, we find that 
at first there is a very rapid absorption of the available oxygen, and 
then this somewhat suddenly ceases or becomes very small} and 
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if on the other hand we submit arterial blood to successively dimi- 
nishing pressures, we find that for a long time very little is given off, 
and then suddenly the escape becomes very rapid. The absorption 
of oxygen by blood does not follow the general law of absorption 
according to pressure. The phenomena on the other hand suggest 
the idea that the oxygen in the blood is in some particular combina- 
tion with a substance or some substances present in the blood, the 
combination being of such a kind that dissociation readily occurs at 
certain pressures and certain temperatures. What is that substance 
or what are those substances ? 

If serum, free from red corpuscles, be used in such absorption 
experiments, it is found that as compared with the entire blood, very 
little oxygen is absoi*bed, about as much as would be absorbed by the 
same quantity of water ; but such as is absorbed does follow the law 
of pressures. In natural arterial blood the quantity of oxygen which 
can be obtained from serum is exceedingly small; it does not 
amount to half a volume in one hundred volumes of the entire 
blood to which the serum belonged. It is evident that the oxygen 
which is present in blood is in some way or other peculiarly con- 
nected with the red corpuscles. Now the distinguishing feature of 
the red corpuscles is the presence of haemoglobin. We have already 
seen (p. 13) that this constitutes 90 per cent, of the dried red cor- 
puscles. There can be d priori little doubt that this must be the 
substance with which the oxygen is associated ; and to the properties 
of this body we must therefore' direct our attention. 


Hcemoglohin ; its properties and derivatives. 

When separated from the other constituents of the serum, hajmo- 
globin appears as a substance, either amorphous or crystalline, 
readily soluble in water (especially in warm water) and in serum. 

Since it is soluble in serum, and since the identity of the crystals 
observed occasionally within the corpuscles with those obtained in other 
ways shews that the hajmoglobin as it exists in the corimsole is the same 
thing as that which is artificially prepared from blood, it is evident that 
some peculiar relationship between the stroma and the heemoglobin must, 
in natural blood, keep the latter from being dissolved by the serum. 
Hence in preparing haBmoglobin it is necessary first of all to break up the 
corpuscles. This may be done by the addition of chloroform or of bile 
salts, or better, by repeatedly freezing and thawing. It is also of advantage 
previously to remove the alkaline serum, so as to operate only on the red 
corpuscles. The corpuscles l>eing thus broken up, an aqueous solution of 
hfiemoglobin is the result. The alkalinity of the solution, when present, 
being reduced by the cautious addition of dilute acetic acid, and the solvent 
power of the aqueous medium being diminished by the addition of one 
fourth its bulk of alcohol, the mixture, set aside in a temperature of 0® C. 
still further to reduce the solubility of the hcemoglobin, readily crystallizes, 
when the blood used is that of the dog, cat, horse, rat, guinearpig, ko. 
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The crystals may be separated by filtration, rediasolved in water and re- 
crystallized. 

Haemoglobin from the blood of the rat, guinea-pig, squirrel, hedge- 
hog, horse, cat, dog, goose, and some other animals, crystallizes readily, 
the crystals being generally slender four-sided prisms, belonging to the 
rhombic system, and often appearing quite acicular. The crystals 
from the blood of the guinea-pig are octahedral, bat also belong to 
the rhombic system ; those of the squirrel are six-sided plates. The 
blood of the ox, sheep, rabbit, pig, and man, crystallizes with diffi- 
culty. Why these differences exist is not known ; but the compo- 
sition, and the amount of water of crystallization, vary somewhat in 
the crystals obtained from different animals. In the dog, the per- 
centage composition of the crystals is, according to Hoppe-Seyler^ 
C. 53*85, H. 7*32, N. 1C*17, O. 21*84, S. 0*39, Fe *43, with 3 to 4 per 
cent, of water of crystallization. It will thus be seen that hflemo- 
globin contains iron, in addition to the other elements usually pre- 
sent in proteid substances. 

The crystals, when seen under the microscope, have the same 
bright scarlet colour as arterial blood has to the naked eye ; when 
seen in a mass they naturally appear darker. An aqueous solution 
of hgemoglobin, obtained by dissolving purified crystals in distilled 
water, has also the same bright arterial colour. A tolerably dilute 
solution placed before the spectroscope is found to absor > certain rays 
of light in a peculiar and characteristic manner, A portion of the 
red end of the spectrum is absorbed, as is also a much larger portion 
of the blue end ; but what is most striking is the presence of two 
strongly marked absorption bands, lying between the solar lines D 
and E. (See Fig. 41.) Of these the one a, towards the red side, is 
the thinnest, but the most intense; its middle lies at some little 
distance to the blue side of U. The other, much broader, lies 
a little to the red side of E, its blue-ward edge, even in moderately 
dilute solutions, coming close up to that line. Each band is thickest 
in the middle, and gradually thins away at the edges. These 
two absorption bands are extremely characteristic of a solution of 
haemoglobin. Even in very dilute solutions they are visible (they 
may be seen in a thickness of 1 cm. in a solution containing 1 grm. 
of haemoglobin in 10 litres of water), and that when scarcely any 
of the extreme red end, and very little of the blue end, is cut off. 
They then appear not only faint but narrow. As the strength of 
the solution is increased, the bands broaden, and become more 
intense; at the same time both the red end, and still more the 
blue end of the whole spectrum, are encroached upon. This may 
go on until the two absorption bands become fused together into 
one broad band. The only rays of light which then pass through 
the hasmoglobin solution are those in the ^een between the united 
bands and the general absorption at the blue end, and those in the 


^ Untersuch,, m, (1868) 870. 
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Fig. 41, The Spectba of Hemoglobin and some of its debiyatiyes shewn in 

BSFEBENOE TO FbAUENHOFEB^S LINES. 

The first speotmin of oxyheemoglobin is that of an exceedingly dilute solution. That 
of a solution intermediate between the first and second spectra would resemble in 
the intensity of its absorption-bands the spectrum giYen as that of carbonic oxide 
hasmoglobin. * 

red between the band and the general absorption at the red end 
(see Fig. 41). If the solution be still further increased in strength, 
the interval on the blue side of the band becomes absorbed also, 
so that the only rays which pass through are the red rays lying 
to the red side of D; these are the last to disappear, and hence 
the natural red colour of the solution as seen by transmitted light. 
Exactly the same appearances are seen when crystals of haemo- 
globin are examined with a microspectroscope. They are also seen 
when arterial blood itself (diluted with saline solution^ so that the 
corpuscles remain in as natural condition as possible) is examined 
with the spectroscope, as well as when a drop of blood, which from 
the necessary exposure to air is always arterial, is examined with the 
microspectroscope. In fact, the spectrum of haemoglobin is the spec- 
trum of normal arterial blood. 

When crystals of haemoglobin, prepared in the way described 
above, are subjected to the vacuum of the mercurial air-pump, they 
give off a certain quantity of oxygen, and at the same time they 
change in colour. The quantity of oxygen given off is de mite, 1 grm. 
of the crystals giving off 1‘76' c.cm. of oxygen. In other words, the 
crystals of haemoglobin over and above the oxygen which enters 
intimately into their composition, (and which alone is given in the 
elementary composition stated on p. 272), contain another quantity 
of oxygen, which is in loose combination only, and which may be 
dissociated from them by establishing a sufficiently low pressure. 
The change of colour which ensues when this loosely combined 
oxygen is removed, is characteristic ; the crystals become darker and 
more of a purple hue, and at the same time dichroic, so that while 
the thin edges appear green, the thicker ridges are purple. 

An ordinary solution of haemoglobin, like the crystals from which 
it is formed, contains a definite quantity of oxygen in a similarly 
peculiar loose combination; this oxygen it also gives up at a suf- 
ficiently low pressure, becoming at the same time of a purplish hue. 
This loosely combined oxygen may also be removed by passing a 
stream of hydrogen or other indifferent gas through the solution, 
wherel:)y dissociation is effected. It may also be got rid of by the 
use of reducing agents. Thus if a few drops of ammonium sulphide 
or of an alkaline solution of ferrous sulphate, kept from precipitation 
by the presence of tartaric acid*, be added to a solution of haemoglo- 
bin, or even to an unpurified solution of blood corpuscles such as is 
afforded by the washings from a blood clot, the oxygen in loose com- 

^ Or, 1*84 measitred at a pressure of 1 metre, 
a Stokes, Pr(^. Boy, Soc, xiii. (1664) 855. 
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bination with the haemoglobin is immediately seized upon by the 
reducing agent. This may be recognized at once, without submitting 
the fluid to the air-pump, by a characteristic change of colour ; from 
a bright scarlet the solution becomes of a purplish claret colour, when 
seen in any thickness, but green when sufficiently thin: the colour of 
the reduced solution is exactly like that of the crystals from which 
the loose oxygen has been removed by the air-pump. 

Examined by the spectroscope, this reduced solution, or solution 
of reduced haemoglobin as we may now call it, offers a spectrum 
(Fig. 41) entirely different from that of the unreduced solution. 
The two absorption bands have disappeared, and in their place 
there is seen a single, much broader, but at the same time much 
fainter band a, whose middle occupies a position about midway 
between the two absorption bands of the unreduced solution, though 
the red-ward edge of the band shades away rather farther towards 
the red than does the other edge towards the blue. At the same 
time the general absorption of the spectrum is different from that of 
the unreduced solution ; less of the blue end is absorbed. Even when 
the solutions become tolerably concentrated, the bluish green rays to 
the blue side of the single band still pass through. Hence the 
difference in colour between ha?moglobin which retains the loosely 
combined oxygen^ and haunoglobin which has lost its oxygen and 
become reduced. In tolerably concentrated solutions, or tolerably 
thick layers, the former lets through the red and the orange yellow 
rays, the latter the red and the bluish green rays. Accordingly, 
the one appears scarlet, the other juirple. In dilute solutions, or 
in a thin layer, the reduced haemoglobin lets through so much of the 
green rays that they preponderate over the red, and the resulting 
impression is one of green. In the unreduced haemoglobin or oxy- 
ha)moglobin, the potent yellow which is blocked out in the reduced 
lia*moglobin makes itself felt, so that a very thin layer of haemoglo- 
bin, as in a single corpuscle seen under the microscope, appears 
yellow rather than red. 

When the haemoglobin solution (or crystal) which has lost its 
oxygen by the action either of the air-pump or of a reducing agent 
or by the passage of an indifferent gas, is exposed to air containing 
oxygen, an absorption of oxygen at once takes place. If sufficient 
oxygen be present, the whole of the haemoglobin seizes upon its com- 
plement, each gramme taking up in combination 1*7() (J^'34) c.cni. of 
oxygen ; if there be an insufficient quantity, the haMnoglobin takes 
up all there is, so that while some of the haemoglobin gets its allow- 
ance, the remainder continues reduced. If the amount of oxygon 
be suflScient, the solution (or crystal), as it takes up the oxygen, 
regains its bright scarlet colour, and its characteristic absorption 
spectrum, the single band being replaced by the two. Thus if a 

1 For brevity’s sake wo may call the hoBinoglobin contaiciDg oxygen in loose 
combination, osnjh<emofflobin^ and the h89moglobin from which this loosely combined 
oxygen has hcon removed, reduced hamoglohiu or simply Inemoglobiu. 


13—2 
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solution of oxyhaemoglobin in a test-tube after being reduced by 
the ferrous salt, and shewing the purple colour and the single 
band, be shaken up with air for a second or two, the bright 
scarlet colour at once returns, and when the fluid is placed before 
the spectroscope, it is seen that the single faint broad band of the 
reduced hsemoglobm has wholly disappeared, and that in its place 
are the two sharp thinner bands of the oxyliBBmoglobin. If left to 
stand in the test-tube the quantity of reducing agent still present is 
generally sufficient again to rob the ha:‘moglobin of tlie oxygen thus 
newly acquired, and soon the scarlet hue fades back again into the 
purple, the two bands giving place to the one. Another shake and 
exposure to air will however again bring back the scarlet hue and 
the two bands ; and once more these may disappear. In fact, a few 
drops of the reducing fluid will allow this game of taking oxygen 
from the air and giving it up to the reducer to be played over and 
over again, and at each turn of the game the colour shifts from 
scarlet to purple, and from purple to scarlet, while the two bands 
exchange for the one, and the one for the two. 

Colour of venous and arterial Blood. Evidently we have in 
these properties of haemoglobin an explanation of at least one-half 
of the great respiratory process, and they teach us the meaning of 
the change of colour which takes place when venous blood becomes 
arterial or arterial venous. In venous blood, as it issi from the 
right ventricle, the oxygen present is insufficient to satisty the whole 
of the hx'moglobin of the red corpuscles ; much reduced haemoglobin 
is present, hence the purple colour of venous blood. 

When ordinary venous blood diluted without access of oxygen, is 
brought before the 8pectroscoi)e, the two bands of oxy haemoglobin are seen. 
This is explained by tlie fact that in a mixture of oxyhaemoglobin and 
(reduced) liaBinoglobin, the two sharp bands of the former are always much 
more readily seen than the much fainter band of the latter. Now in 
ordinary venous blood there is always some loose oxygen, and therefore 
always some, indeed a considerable quantity, of oxyhaemoglobin as well as 
(reduced) haemoglobin. It is only in the last stajj^es of asphyxia that all the 
loose oxygen of the blood disappears; and then the two bands of the 
oxyheemoglobin vanisli too. 

As the blood passes through the capillaries of the lungs, this 
reduced liaBmoglobin takes from the pulmonary air its complement 
of oxygen, all or nearly all the ha^mogUibiu of the red corpuscles 
becomes oxy-hsemoglobin, and the purple colour forthwith shifts into 
scarlet. 

The hsemoglobin of arterial blood is saturated or nearly saturated with 
oxygen. By inci-easiiig the pressure of the oxygen, an additional quantity 
may be driven into the blood, but this is eflected by simple absorption. The 
quantity so added is extremely small compared with the total quantity 
combined with the hfiemoglobin, but its physiolugical importance is increased 
by its being present at a high tension. 
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Passing from the left ventricle to the capillaries, some of the oxy- 
haemoglobin gives up its oxygen to the tissues, becomes reduced 
haemoglobin, and the blood in consequence becomes once more 
venous, with a purple hue. Thus the red corpuscles by virtue of 
theiit haemoglobin are emphatically oxygen-carriers. Undergoing no 
intrinsic change in itself, the haemoglobin combines in tlie lungs 
with oxygen, which it carries to the tissues ; these, more greedy of 
oxygen than itself, rob it of its charge, and the reduced haemoglobin 
hurries back to the lungs in the venous blood for another portion. 
The change from venous to arterial blood is then in part (for as we 
shall see there are other events as well) a peculiar combination of 
haemoglobin with oxygen, while the change from arterial to venous is, 
in part also, a reduction of oxyhaemoglobin ; and the difference of 
colour between venous and arterial blood depends almost entirely on 
the fact that the reduced hcTmoglobin of the former is of purple 
colour, while the oxyhaomoglobin of the latter is of a scarlet 
colour. 

There may be other causes of the change of colour, but these are wliolly 
subsidiary and unimpoi’tant. When a corjm^cle swells, its refructivo 
power is diminished, and in consequence the nunilMT of rays which pass 
into and are absorbed by it, are increased at the evjKmse of those reflected 
from its surface; anything therefore which swells the corpusch‘a, sucli 
as the addition of water, tends to darken blood, and anything, such as 
a concentrated saline solution, which causes the corj)Uscle8 to shrink, tends 
to brighten blood. Carbonic acid has apparently some infliieiiee in swelling 
the corpuscles, and therefore may aid in darkening the venous blood. 

We have spoken of tlie combination of haemoglobiTi with oxygen 
as being a peculiar one. The peculiarity consists in the facts that 
the oxygen may be associated and dissociated, witliout any general 
disturbance of the molecule of habmoglobin, aud that dissociation 
may be brought about very readily. Haemoglobin combines in a 
wholly similar manner with other gases. If carbonic oxide be 
passed through a solution of haemoglobin, a change of colour takes 
place, a peculiar bluish tinge making Hs appearance. At the same 
time the spectrum is altered ; two bands are still visible, but on 
accurate measurement it is seen that they are placed nore towards 
the blue end than are the otherwise similar bands of oxyha3moglobin 
(see Fig. 41). When a known quantity of carbonic oxide gas is 
sent through a haemoglobin solution, it will be found on examination 
that a certain amount of the gas has been retained, an equal volume 
of oxygen appearing in its place in the gas which issues from the 
solution. If the solution so treated be crj^stallized, the crystals will 
have the same characteristic colour, and give the same absorption 
spectrum as the solution ; when subjected to the action of the mercu- 
rial pump, they will give off a definite quantity of carbonic oxide, 

1 grm. of the crystals affording 1'76 (1*34) c.cm. of the gas. In fact, 
haemoglobin combines loosely with carbonic oxide just as it does 
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with oxygen; but its affinity with the former is greater than with 
the latter. While carbonic oxide readily turns out oxygen, oxygen 
cannot so readily turn out carbonic oxide. Indeed, carbonic oxide 
has been used as a means of driving out and measuring the quantity 
of oxygen present in any given blood. This property of carbonic 
oxide explains its poisonous nature. When the gas is breathed, 
the reduced and the unreduced haemoglobin of the venous blood 
unite with the carbonic oxide, and hence the peculiar bright red 
colour observable in tlie blood and tissues in cases of poisoning 
by this gas. The carbonic oxide haemoglobin, however, is of no use 
in respiration ; it is not an oxygen-carrier, nay more, it will not 
readily, though it does so slowly and eventually, give up its carbonic 
oxide for oxygen, when the gas no longer enters the chest and pure 
air is supplied. The organism is killed by suffocation, by want of 
oxygen, in spite of the bright red colour of the blood. As Bernard 
phrased it, the corpuscles are paralysed. 

Haemoglohin similarly forms a compound, having a cliaracteristic s])ec- 
trnm with nitric oxide, more stable than that with carbonic oxide, 
1 grm. of hseinoglobiii uniting with 1*76 (1-34) c.cm. of the gas. In all these 
com])Ounds, in fact, the same volume of gas unites with the same quantity 
of the substiince, and all three compounds are isomoiphous. Kitrous oxide 
reduces lioeinoglobin. Compounds also exist between lisemoglobin and 
hydrocyanic acid. 

Hseiuoglobin is a so-called ozone-carrier. If to a mixture f ozonized 
turpentine (turpentine kept for some time) and tincture of guaiaciim, a drop 
of blood or hsemoglobin solution be added, the tur}>entme at once oxidises 
the guaiacum and produces a blue colour; this, before the addition of the 
haemoglobin, it is unable to do. If a drop ot tincture of guaiacum (tlie 
experiment fails with many specimens of tincture) be 8i>read out and 
allowed to dry on a piece of white filtering paper, and a drop of blood or 
haemoglobin solution be placed on it, a blue ring is developed. This was 
held by A. Schmidt to indicate that tho oxygon in combination with 
h«emogh)bin was in an active, or ozonic condition. Since however the 
expeiiment fails when glass or even smooth pa[)er is used instead of filtering 
paper, it is inert' than probable that the result is caused by a decom})osition 
of tlie haBmoglobin due to the porous nature of the paper ^ 

Although a crystalline body, haemoglobin diffuses with great 
difficulty. This arises from the fact that it is in part a proteid 
body ; it consists of a colourless proteid, associated with a coloured 
compound named hwmatin. All the iron belonging to the haemo- 
globin is in reality attached to the haunatin. A solution of 
luemoglobin, when heated, coagulates, the exact degree at which 
the coagulation takes place depending on the amount of dilution ; 
at the same time it turns brown from the setting free of the 
hsBinatin. If a strong solution of haemoglobin be treated with acetic 
(or other) acid, the same brown colour, from the appearance of 
hmmatin, is observed. The proteid constituent however is not 

^ Pfliiger, PflUger'i Archiv, x. (1876) p. 262. 



Chap, ii.] 


RESPIRATION. 


279 


coagulated, but by the action of the acid passes into the state of 
acid-albumin. On adding ether to the mixture, and shaking, the 
haematin rises into the supernatant ether, which it colours a dark 
red, and which, examined with the spectroscope, is found to possess a 
well-marked spectrum, the spectrum of the so-called acid haematin 
of Stokes (Fig. 41). The proteid in the water below the ether appears 
in a coagulated form. In a somewhat similar maimer alkalis split 
up hasmoglobin into a proteid constituent and haematin. The exact 
nature of the proteid constituent has not as yet been clearly deter- 
mined ; it was supposed to be globulin, hence the name haematoglo- 
bulin contracted into haemoglobin. The proteid which is precipitated 
when a solution of haemoglobin is exposed to the air, though belong- 
ing to the globulin family, has characters of its own. It has been 
named by Preyer* globin. It is free from ash. Haematin when 
separated from its proteid fellow, and purified, appears as a dark 
brown amorphous powder, having the probable composition of Cj,, 
Hj„, Fe, Og. It is readily soluble in dilute alkaline solutions, and 
then gives a characteristic spectrum (Fig. 41). 

An interesting feature in haematin is that its alkaline solution is 
capable of being reduced by reducing agents, the •spectrum changing at the 
same time, and that the reduced solution will, like the haemoglobin, take 
up oxygen again on being brought into contact with air or oxygen. This 
would seem to indicate that the oxygen-holding power of haemoglobin is 
connected exclusively with its hmmatin c»mstituent. By the action of 
strong sulphuric acid haematin may be robbed of all its iron. It still 
retains the feature of possessing colour, the solution of iron-free haematin 
being a dark rich brownish red ; but is no longer capable of combining 
loosely with oxygen. This indicates that the iron is in souie way associated 
with the peculiar respiratory functions of hajmoglobin ; though it is ob- 
viously an error to supj)Ose, as once was thought, that the change from 
venous to arterial blood consists essentially in a change from a ferrous to a 
ferric salt. 

Though not crystallizable itself, haematin forms with hydrochloric 
acid a compound, occurring in minute rhombic crystals, the so- 
called ha^min crystals. 

The spectrum of haematiaii in an alkaline solution (Fig. 41) gives one 
broad band to the red side of the line D. The blue end of the spectrum 
suffei’s much absorption, and since the characteristic siugle band is faint, 
and only seen in concentrated solutions, the whole appearance of the 
spectrum of hcematin is far less striking than that of hcemoglobin. The 
solutions are dichroic, of a reddish brown in a thick, and of an olive gi*een 
in a thin layer. The spectrum of reduced hseinatin is marked by two faint 
bands to the blue side of the single band of the unreduced haimatin; 
there is at the same time less absorption of the blue end. The spectrum of 
acid hfismatin, t. e. of haematin prepared, as spoken of above, by treat- 
ment with acetic acid and ether, is marked by a very characteristic and 
easily seen band, a, in the red, to the blue side of C (Fig. 41). This 


^ Die Blut Kryetallft 1871. 
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Lsematin band readily appears when hcemoglobin is acted upon by weak 
acids, and hence is seen when carbonic acid is passed for some time through 
haemoglobin. A wholly similar band, however, makes its appearance when 
blood is acted upon for some time by ammonium sulphide, or when blood 
is allowed to stand for any length of time, or after the action of weak 
alkalis ; in these cases it is sujjposed to indicate the existence of a hypo- 
thetical body methsemoglohin, an intermediate stage which heemoglobin is 
supposed to pass through on its way to be split up into heematiu and the 
proteid body. When htematin or ha?moglobin is dissolved in concentrated 
sulphuric acid, a spectrum is obtained, on diluting with the acid, resembling 
but in some points differing from that of acid hsematin as given in fig. 41. 
The iron-free hsematin, ohtoined by precipitating with a large quantity of 
water the solution of hsematin or hfiemoglobin in concenti'ated sulphuric 
acid, also gives in ammoniacal and in acetic acid solutions spectra diffeiing 
in minor points only from the same spectrum. Preyer^ believes that Stokes' 
acid haematin, «. e. the substance in solution in the ether added to blood 
treated with acetic acid, is in reality iron-free heematin, or, as he prefers to 
call it, hmnatoin, Haimatin also forms a special compound with a charac- 
teristic spectinim, when acted on by ])Otassium cyanide. Hoppe-Seyler* by 
treating reduced ha?moglobiri with acids or alkalis, in the total absence of 
oxygen, obtainetl a colouring body, with a chamcteristic spectrum, to which 
he gave the name of haimochromogen, regarding it as the substance, form- 
ing pai*t of haemoglobin, which by oxidation passes into haematin. 

In conclusion, the condition of oxygen in the blood is as follows. 
Of the whole quantity of oxygen in the blood, only a minn el fraction 
is simply absorbed or dissolved, according to the law of pressures 
(the Henry-Dalton law). The great mass is in a state of com- 
bination with the haemoglobin, the connection being of such a 
kind that while the haemoglobin readily combines with the oxygen 
of the air to which it is exposed, dissociation readily occurs at low 
pressures, or in the presence of indifferent gases, or by the action of 
substances having a greater affinity for oxygen than has hamioglobin 
itself. The difference between venous and arterial blood, as far as 
oxygen is concerned, is that while in the latter there is an insignifi- 
cant quantity of reduced bfenioglobiu, in the former there is a 
great deal ; and the characteristic colours of venous and arterial 
blood are in the main due to the fact that the colour of reduced 
haemoglobin is purple, while that of oxy-hjemoglobin is scarlet. 

The relations of the Carbonic Acid in the Blood. 

Of the total quantity of carbonic acid which can be extracted 
from blood, by far the greater part is given off to the mercurial 
vacuum. It is only a small portion (2 to 5 vols. per cent.) which 
needs the addition of an acid to drive it off. These two (juantities 
of the gas may be distinguished by the names ‘loose,' and ‘fixed,* 
or ‘stable.* Like the oxygen, the loose carbonic acid is, for the 

1 Die Blutkryatalle (1871), p. 181. * UntertucK, iv. (1871) 540. 
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most part, not simply dissolved in the blood ; the absorption of it 
does not follow the law of pressures. The absorption of carbonic 
acid however is not so specially connected with the corpuscles as is 
that of oxygen ; for serum absorbs carbonic nearly as readily as the 
entire blood, the quantity absorbed by equal volumes of serum alone 
and of blood differing very slightly. What constituent or consti- 
tuents of both serum and the corpuscles thus render blood capable 
of absorbing so much more than simple water, is not exactly known. 

It was suggested by Fernet that sodium carbonate will take up another 
equivalent of carbonic anhydride, and so become sodium bicarbonate, and 
that a solution of sodium phosphate will take up carbonic acid in the pro- 
portion of one equivalent of the acid to two of the salt, SPO^Na^,!! 
+ = 2PO^NaH^ + CNa^jO^; but in these combinations the carbonic 

acid requires for dissociation very low pressures, and besides, the sodium 
phosphate, though present in the ash, is not a constituent of natural blood, 
the phosphates of the ash being largely due to oxidation of the i)hosphorus 
in the lecithin of the corj)uscles. It has been suggested that the car- 
l)onic tieid may be associated witli some of the proteid substances in the 
serum or corj)uscles, e.cj, the globulin; but exact knowledge on this point 
is wanting. 


The relations of the N’itrogen in the Blood, 

The small quantity of this gas which is present in both arterial 
and venous blood seems to exist partly in a state of simple solution, 
partly in some loose chemical combination, but tlio conditions of tho 
association ai-e unknown. 


Sec. 4. The Eespiratory Changes in the Lungs. 

The entrance of OxygeiL We have already seen that tlie blood 
in passing through the lungs takes up a certain variable quantity 
(from 8 to 12 p. c. vols.) of oxygen. We have further seen that the 
quantity so taken up, putting aside the insignificant fraction simply 
absorbed, enters into direct but loose combination with the htemoglo- 
bin. We have also seen that at low pressures the oxygen is dissociated 
from the haemoglobin and set free, but not at high pressures. 
If the tension of the oxygen in the lungs is higher than the 
tension of the oxygen in the venous blood of the pulmonary artery, 
there will be no diflSculty in the reduced haemoglobin of that 
blood taking up oxygen ; and this may go on until the haemoglobin 
of the blood in the pulmonary capillaries is all converted into oxy- 
haemoglobin, or until the oxygen tension in the blood is increased 
so as to be equal to that of the air in the lungs. Now the 
oxygen in the expired air amounts to about 16 p. c., having lost 4 or 
5 p. c. in the lungs. Of course the air at the bottom of the lungs 
will contain still less oxygen. How much less we do not exactly 
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know, but we may probably put the limit of reduction at 10 p. c. 
We may say then that the tension of the oxygen in the pulmonary 
air-cells is at least 10 p. c. — or, to measure it in millimetres of mer- 
cury, since the pressure of the one entire atmosphere is 760 mm., 
^th of that will amount to 76 mm. • 

Now the tension of oxygen in the arterial blood of the dog^ 
amounts to 3*9 p. c. (varying from 5*6 to 2*8), or about 30 mm. of 
mercury. That is to say, the arterial blood of the dog exposed to an 
atmosphere containing 3’9 p. c. of oxygen neither gives otF nor takes 
up any oxygen. The tension of the oxygen in the average venous 
blood of the dog amounts to 2*9 p.c. (varying from 4*6 to 1*3)*. 
Both these numbers are far below 10 p. c,; in fact we may suppose 
the percentage of oxygen in the pulmonary alveoli to be less than 
half the amount stated above, and yet see no difficulty in ordinary 
venous blood taking up oxygen while passing through the lungs. 
But what takes place when the tension of the oxygen in the air is 
lowered, as when the windpipe is obstructed, and asphyxia sets in ? 
It has been ascertained that in the dog, in the last breath given 
out in such an asphyxia, the expired air has an oxygen tension of 
2*3 p. c., and when the heart ceases to beat, the oxygen of the pul- 
monary air sinks to *403 p. c. These tensions are of course lower 
than that of ordinary venous blood, but in asphyxia the blood is no 
longer ordinary venous blood ; instead of containing a comparatively 
small amount, it contains a large and gradually increasing u.mount, of 
reduced hmmoglobin. And as the reduced haemoglobin increases in 
amount, the oxygen tension of the venous blood decreases ; it thus 
keeps below that of the air in the lungs ; and hence even the last 
traces of oxygen in the lungs are taken up by the blood, and car- 
ried away to the tissues. Even with the last heart’s beat, when the 
oxygen in the lungs has sunk to *403 p. c., the bands of oxy-haemo- 
globin may still for a moment be detected in the blood of the left 
side of the heart^ 

Exit of Carbonic Acid. This presents greater difficulties. In 
the dog the tension of the carbonic acid in arterial blood has been 
estimated at 2 8 p. a ; and that of venous blood from the right side 
of the heart at 5 4 p, c. ; that is to say, venous blood neither gives 
off nor takes up carbonic acid when exposed to an atmosphere con- 
taining 5*4* p.c. of that gas, while it takes it up from an atmo- 
sphere containing more, and gives it off to one containing less. In 
order that venous blood may give up its carbonic acid to the air 
in the lungs, the latter must contain in the dog less than 5*4 p. c. 
of that gas. From Becher’s result (see antea p. 265) it was inferred 
that the air in the pulmonary cells has a higher carbonic-acid ten- 

^ SiraBsbnrg. Pfluger’e Archiv, vi. (1872) p. 65. 

* In Wolfin^erg’s experiments, see next page, the percentage of oxygen in the 
secluded pulmonaiy district, varied, at the end of an experiment, from 1 *4 to 4*6. 

* Stroganow. Pfltiger’s Archiv ^ xii. (1876) p. 18. 

^ WolSberg, about 3*5, see note 2 next page. 
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sion than this, viz. 7*6 p. c. ; hence arose the necessity of supposing 
that while the blood is travelling along the pulmonary capillaries, 
some event occurs which temporarily increases the carbonic-acid 
tension in the blood. Thus it was suggested that, coincident with 
the entrance of oxygen, hsDmoglobin is in part decomposed, giving 
rise to an acid, which acting on stable or fixed carbonic acid, sots it 
free, and so increases the tension. It was also suggested that the 
pulmonary tissue may exercise some special action, that in fact the 
pulmonary epithelium is a true secreting tissue, and is able to se- 
crete carbonic acid by an active process comparable to the secretion 
of gastric juice or of urine. We now however have reason to think, 
from the researches of Wolff berg \ that in the dog, at a time when 
the mean carbonic-acid tension of the venous blood in the heart was 
found to be 3*43 p. c.*, the limit of tension in the pulmonary air was 
ascertained to be 3‘56 p. a, i.e. allowing for errors of observation, as 
nearly as possible the same; in other words, in respiration the car- 
bonic acid passes by simple diffusion into the pulmonary air, until an 
equilibrium of tensions is reached between the blood and the air. 

The objections to Bechcr’s results arc that he did not determine the 
gases of his own blood, and, moreover, by holding his bi-eath increased the 
general tension of carbonic acid in his venous blood. Wolff berg inseiijed 
into a small bronclms a catlieter around which was arranged a small bag 
which could be at will inflated so as completely to block up the bronchus. 
Thus without any general distui bancc of breathing, he was able to stop the 
ingress of fresh air into a limited portion of the pulmonary tissue. After 
a lapse of five minutes, allowing ample time for equilibrium to be esta- 
blished between the air in the isolated portion of lung and the venous 
blood, the air was withdrawn by the catheter and airalyscd. 

The arguments in favour of a specific action of the |mlmonary epithelium 
are derived from the experiments of J. J. M filler®, who found that more 
carbonic acid was given off when blood was sent thiwugh the lungs than 
when simply agitated with air. The scarcity of protoj)lasm in the thin pul- 
monaiy epithelium opposes such a view. 

In favour of the idea that the entrance of oxygen has an effect on the 
setting free of the carbonic acid, may be quoted the facts that the carbonic- 
acid tension of venous blood is louml to be greater when determined by the 
agitation of the blood with air containing oxygen than when air free from 
oxygen is used, and that the carbonic-acid tension of serum is less than 
that of the entire blood, and is increased by the addition of blood-cor- 
puscles. It IS also asserted that tlie stable carbonic acid is less in arterial 
than in venous blood, as if during the conversion some had been set free. 

It may here be noted that, according to Strassburg^ the carbonic-acid ten- 
sion rises rapidly as coagulation sets in, reaching then as much as 8*13 p.c. 
This rather favours the idea that the carbonic acid is peculiarly associated 
with some of the forms of globulin. 

1 Pfluger’s Archiv, iv. (1871) 465, vi (1872) 23. 

3 This was distinctly less than the average. Possibly what is stated above as the 
average is too high, the animals suffering slightly from dyspnoea when the blood was 
drawn. 

* Ludwig’s Arbeiten^ 1869, p. 87, ^ Pfltiger’s Archiv^ vi. (1872) 65. 



284 


CHANGES IN THE TISSUES. 


[Book jl 


Sec. 5. The Respiratory Changes in the Tissues. 

In passing through the several tissues the arterial blood becomes 
once more venous. A considerable quantity of the oxy-hsemoglobin 
becomes reduced, and a quantity of carbonic acid passes from the 
tissues into the blood. Tlie amount of change varies in the various 
tissues, and in the same tissue may vary at different times. Thus in 
a gland at rest, as we have seen, tlie venous blood is dark, shewing 
the presence of a large quantity of reduced haemoglobin; when the 
gland is active, the venous blood in its colour, and in the amount 
of haemoglobin which it contains, resembles closely arterial blood. 
The blood therefore which issues from a gland at rest is more 
‘venous* than that from an active gland, though the total quantity of 
carbonic acid formed in a given time may be greater in the latter. 
The bloo<l, on the other hand, which comes from a contracting muscle, 
ib not only richer in carbonic acid, but also, though not to a corre- 
sponding amount, poorer in oxygen than the blocd which flows from 
a muscle at rest. 

In all these cases the great question which comes up for our 
consideration is this : Does the oxygen pass from the blood into the 
tissues, and does the oxidation take place in the tissues, giving rise 
to carbonic acid, which passes in turn away from the tissues into 
the blood? or do certain oxidisable reducing substancei pass from 
the tissues into the blood, and there become oxidized into carbonic 
acid and other products, so that the chief oxidation takes place in the 
blood itself? 

There are, it is true, reducible substances in the blood, but these 
are small in amount, and the quantity of carbonic Jicid to which 
they give rise when the blood containing them is agitated with air 
or oxygen, is so small as scarcely to exceed the errors of observation. 

The conclusion of Estor and St Pierre, that the oxygen diminishes even 
in the great arteries from the heart outwards, has been shewn by Pfitlger to 
he based on erroneous analyses. 

On the other hand, it will be remembered that in speaking of 
muscle, we drew attention to the fact that a frog*s muscle removed 
from the body contained no free oxygen whatever. None could be 
obtained from it by the mercurial air-pump. Yet such a muscle will 
produce and discharge a considerable quantity of carbonic acid, not 
only while contracting, but also when at rest. A muscle is always 
producing carbonic acid, and when it contracts there is a sud- 
den and extensive increase of the normal production. Oxygen is 
necessary for the life of the muscle : when venous instead of arterial 
blood is sent through the blood-vessels of a muscle, the irritability 
speedily disappears, and unless fresh oxygen be administered the 
muscle soon dies. It may however, during the interval in which 
irritability is still retained after the supply of oxygen has been cut 
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off, continue to contract vigorously. The presence of oxygen, though 
necessary for the maintenance of irritability, is not necessary for 
the manifestation of that irritability, is not necessary for that ex- 
plosive decomposition which developes a contraction. A frog’s 
inuscie will continue to contract and to produce carbonic acid in an 
atmosphere of hydrogen or nitrogen, that is in the total absence of free 
oxygen both from itself and from the medium in which it is placed. 

If from the fact that no free oxygen is present, that the tension 
of oxygen is nil in the muscle out of the body, we may infer that the 
muscle within the body does not permanently contain any quantity 
of free oxygen, it is evident on the one hand that this state of things 
is most favourable for the oxygen of the blood to pass from the 
blood into the muscular tissue, and on the other, that immediately 
the oxygen has passed, it is in some way fixed so as to be no longer 
removable by diminished tension. It is further evident that in the 
case of a muscle the carbonic acid comes direct from the muscle 
itself, and that the oxidation which takes place occurs in the muscle 
itself ; the respiration of muscle does not consist in throwing oxidis- 
able substances into the blood, there to be oxidized into carbonic 
acid and other matters. 

Our knowledge of the respiratory changes in muscle is more 
complete than in the case of any other tissue ; but we have no 
reason to suppose the phenomena of muscle are exceptional. On 
the contrary, all the available evidence goes to shew that in all 
tissues the oxidation takes place in the tissue, and not in the adjoin- 
ing blood. It is a remarkable fact, that lymph, serous fluids, bile, 
urine, and the other secretions, contain no free or loosely combined 
oxygen, while the tension of carbonic acid in peritoneal fluid is as high 
as 0 per cent., and in bile and urine is still higher. The tension of 
carbonic acid in lymph, while higher than that of arterial blood, is 
lower than that of the general venous blood ; but this probably is due 
to the fact that the lymph in its passage onwards is largely exposed to 
arterial blood in the connective tissues and in the lymphatic glands, 
where the production of carbonic acid is slight as compared to that 
going on in muscles. Strassburg ^ has attempted to determine the 
tension of carbonic acid in the intestinal walls; the experiment is per- 
haps open to objection, but the result is worth recording; he found 
the tension to be 7*7 per cent., i. e. higher than that of the femoral 
venous blood. All these facts point to the conclusion, that it is the 
tissues, and not the blood, which become primarily loaded with car- 
bonic acid, the latter simply receiving the gas from the former by 
dittusion; and that the oxygen which passes from the blood into the 
tissues is at once taken up in some combination, so that it is no longer 
removable by diminished tension. 

Asa matter of fact, Oertmann® has shewn that if in a frog, the whole 
blood of the body be replaced by normal saline solution, the total meta- 


1 Pfliiger’s Archive vi. (1872) 05. 


* Pfluger’s Archiv xv. (1877) p. 381. 
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bolism of tbe body is, for some time, unchanged. The saline medium is 
able, owing to the low rate of metabolism, and large respiratory surface of 
the animal, to supply the tissues with all the oxygen they need, and to 
remove all the carbonic acid they produce. It is difficult to believe that, 
in such an experiment, the oxidation took place in the saline solution itself 
while circulating in the blood-vessels and tissue-space^ of the animal. 

We may add, that the blood itself removed from the body has 
practically no oxidative power at all over substances which are un- 
doubtedly oxidized in the body. If grape-sugar be added to blood, or 
to a solution of haemoglobin, the mixture may be kept for a long time 
at the temperature of the body, without undergoing oxidation^ ; and 
even within the body a slight excess of sugar in the blood over a cer- 
tain percentage wholly escapes oxidation, and is discharged unchanged. 
Many easily oxidized substances, such as pyrogallic acid, pass largely 
through the blood of a living body without being oxidized. The 
organic acids, such as citric, even in combination with alkaline bases, 
are only partially oxidized; when administered as acids, and not as 
salts, they are hardly oxidized at all. It is of course quite possible 
that the changes which the blood undergoes when shed might 
interfere with its oxidative action, and hence the fact that shed 
blood has little or no oxidizing power, is^not a satisfactory proof that 
the unchanged blood within the living vessels may not have such a 
power. But did oxidation take place largely in the blood itself, one 
would expect even highly diffusible substances to be oxidiz il in their 
transit; whereas if we suppose the oxidation to take place in the 
tissues, it becomes intelligible why such diffusible substances as those 
which the tissues in general refuse to take up largely, should readily 
pass unchanged from the blood through the secreting organs. 

We have seen that in muscle the production of carbonic acid 
is not directly dependent on the consumption of oxygen. The 
muscle produces carbonic acid in an atmosphere of hydrogen. 
What is true of muscle is true also of other tissues and of the 
body at largo. Spallanzani and W. Edwards shewed long ago that 
animals might continue to breathe out carbonic acid in an atmosphere 
of nitrogen or hydrogen; and recently Pfliiger® has shewn, by a 
remarkable experiment, that a frog kept at a low temperature will 
live for several hours, and continue to produce carbonic acid in an 
atmosphere absolutely free from oxygen. The carbonic acid produced 
during this period was made by help of the oxygen inspired in 
the hours anterior to the commencement of the experiment. The 
oxygen then absorbed was stowed away from the haemoglobin into 
the tissues, it was made use of to build up the explosive compounds, 
whose explosions later on gave rise to the carbonic acid ; or, to adopt 
Pfluger s simile, the oxygen helps to wind up the vital clock ; but 
once wound up the clock will go on for a period without further 
winding. The frog will continue to live, to move, to produce car- 

1 Hoppe-Seyler, Untersueh, i. (1866) p. 186. 

* Piluger’s Archiv, x. (1875) 251, 
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bonic acid for a while without any fresh oxygen, as we know of old it 
will without any fresh food ; it will continue to do so till the explosive 
compounds which the oxygen built up are exhausted ; it will go on 
till the vital clock has run down. 

Ti) sura up, then, the results of respiration in its chemical 
aspects. As the blood passes through the lungs, the low oxygen 
tension of the venous blood permits the entrance of oxygen from the 
air of the pulmonary alveolus, through the thin alveolar wall, through 
the thin capillary sheath, through the thin layer of blood plasma, 
to the red corpuscle, and the reduced haemoglobin of the venous 
blood becomes wholly, or all but wholly, oxy-haemoglobin. Hurried 
to the tissues, the oxygen, at a comparatively high tension in the 
arterial blood, passes largely into the tissue, in which the oxygen 
tension is always kept at an exceedingly low pitch, by the feet 
that the tissue, in some way at present unknown to us, packs away 
at every moment into some stable combination each molecule of 
oxygen which it receives from the blood. With much but not all of 
its oxy-haemoglobin reduced, the blood passes on as venous blood. 
How much haemoglobin is reduced will depend on the activity of 
the tissue itself. The quantity of haemoglobin in the blood is the 
measure of limit of the oxidizing power of the body at large ; but 
within that limit the amount of oxidation is determined by the 
tissue, and by the tissue alone. 

Though the quantity of carbonic acid expired (p, 200) may be tempo- 
rarily increased by an increase of the respiratory movements, this, accoi’d- 
ing to Pfliiger, is to be regarded as the result of increased ventilation 
rather than of increased metabolic production. This physiologist^ has 
brought forward strong evidence in favour of the views urged by him that 
neither the extent of the resj)iratory movements nor the velocity of the 
flow of blood are to be regarded as prime factors determining the amount 
of general metabolism. It is according to him the quicker metabolism 
which determines the more active circulation and the more vigorous respi- 
ration ; not vice verad. 

We cannot trace the oxygen through its sojourn in the tissue. 
We only know that sooner or later it comes back as carbonic acid 
(and other matters not now under consideration). Owing to the 
continual production of carbonic acid, the tension of that gas in the 
extravascular elements of the tissue is always higher than that of 
the blood ; the gas accordingly passes from the tissue into the blood, 
and the venous blood passes on not only with its haBmoglobin 
reduced, but with its carbonic-acid tension increased. Arrived at 
the lungs, the blood finds the pulmonary air at a lower carbonic- 
acid tension than itself. The gas accordingly streams through the 
thin vascular and alveolar walls, till the tension without the blood- 
vessel is equal to the tension within. Thus the air of the pulmonary 

1 Pfliiger’s Archiv vi. (1872) 48; x. (1875) 251; xiv. (1877) 1. Finkler, ibid, x. 868. 
Finkler and Oertmann, ibid, xiv. 88. 
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alveoli, having given up oxygen to the blood and taken up carbonic 
acid from the blood, having a higher carbonic acid tension and a 
lower oxygen tension than the tidal air in the bronchial passages, 
mixes rapidly with this by diffusion. The mixture is further assisted 
by ascending and descending currents ; and the tidal air issues ^rom 
the chest at the breathing out poorer in oxygen and richer in car- 
bonic acid than the tidal air which entered at the breathing in. 

Sec. G. The Nervous Mechanism of Eespiration. 

Breathing is an involuntary act. Though the diaphragm and all 
the other muscles employed in respiration are voluntary muscles, i. e. 
muscles which can be called into action by a direct effort of the will, 
and though respiration may be modified within very wide limits by 
the will, yet we habitually breathe without the intervention of the 
will: the normal breathing may continue, not only in the absence of 
consciousness, but even after the removal of all the parts of the brain 
above the medulla oblongata. 

We have already seen how complicated is even a simple respira- 
tory act. A very large number of muscles are called into play. 
Many of these are very far apart from each other, such as the 
diaphragm and the nasal muscles; yet they act in harmonious 
sequence in point of time. If the lower intercostal v uscles con- 
tracted before the scaleni, or if the diaphragm contrc*ciod while 
the other chest-muscles were enjoying an interval of rest, the 
satisfactory entrance and exit of air would be impossible. These 
muscles moreover are coordinated also in respect of the amount of 
their several contractions ; a gentle and ordinary contraction of the 
diaphragm is accompanied by gentle and ordinary contractions of the 
intercostals, and these are preceded by gentle and ordinary con- 
tractions of the scaleni. A forcible contraction of the scaleni, followed 
by simply a gentle contraction of the intercostals, would hinder 
rather than assist inspiration. Further, the whole complex inspira- 
tory effort is followed by a less marked but still complex expiratory 
action. It is impossible that all these so carefully coordinated mus- 
cular contractions should be brought about in any other way than by 
coordinate nervous impulses descending along efferent nerves from a 
coordinating centre. I3y experiment we find this to be the case. 

When in a rabbit the trunk of a phrenic nerve is cut, the dia- 
phragm on that side remains motionless, and respiration goes on 
without it. When both nerves are cut, the whole diaphragm remains 
quiescent, though the respiration becomes excessively laboured. 

The occasional slight rhythmic movements of the dia])hragm obseiwed 
by Brown-Sequard, after section of the phrenic, interebting from anotlier 
point of view, do not militate against the above statement. 

When an intercostal nerve is cut no active respiratory movement 
is seen in that space, and when the spinal cord is divided below the 
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origin of the seventh cervicsal spinal nerve, costal respiration ceases, 
though the diaphragm continues to act and that with increased 
vigour. When the cord is divided just below the medulla, all 
thoracic movements cease, hut the respiratory actions of the nostrils 
and glottis still continue. These however disappear when the facial 
and recurrent laryngeal are divided. We have already stated that 
after removal of the brain above the medulla, respiration still con- 
tinues very much as usual, the modifications which ensue from loss 
of the brain being unessential. Hence, putting all these facts to- 
gether, it is clear that in respiration, coordinated impulses do, as wo 
suggested, descend from the medulla along the several efferent 
nerves. The proof is completed by the fact that the removal or 
injury of the medulla alone at once stops all respiratory movements, 
even though every muscle and every nerve concerned be left intact. 
Nay more, if only a small portion of the medulla, a tract whose 
limits are not as yet exactly fixed, but which lies below the vaso- 
motor centre\ between it and the calamus scriptorius, be removed or 
injured, respiration ceases for ever, though every other part of the 
body be left intact. When this spot is excised or injured, breathing 
at once ceases, and since the inhibitory vagus centre is generally at 
the same time stimulated, and the heart’s beat arrested, death ensues 
instantaneously. Hence this portion of the nervous system was 
called by Flourens the vital knot, or ganglion of life, nmid vital. We 
shall speak of it as the respiratory centre. The nature of this centre 
must be exceedingly complex; for while even in ordinary respiration 
it gives rise to a whole group of coordinate nervous impulses of inspi- 
ration followed in due sequence by a smaller but still coordinate 
group of expiratory impulses, in laboured respiration fresh and 
larger impulses are generated, though still in coordination with the 
normal ones, the expiratory events being especially augmented; and 
in the more extreme cases of dyspnoea and asphyxia impulses overflow, 
so to speak, from it in all directions, though only gradually losing 
their coordination, until almost every muscle in the body is thrown 
into contractions. 

The first question we have to consider is. Are we to regard the 
rhythmic action of this respiratory centre as due essentially to 
changes taking place in itself, or as due to afferent nervous impulses 
or other stimuli which affect it in a rhythmic manner from without? 
In other words. Is the action of the centre automatic or purely reflex? 
We know that the centre may be influenced by impulses proceeding 
from without, and that the breathing may be affected by the action 
of the will, or by an emotion, or by a dash of cold water on the skin, 
or in a hundred other ways; but the fact that the action of the 
centre may be thus modified from without, is no proof that the con- 
tinuance of its activity is dependent on extrinsic causes. 

In attempting to decide this question we naturally turn to the 
pneumogastric as being the nerve most likely to serve as the channel 

^ See anUu^ p. 168. 
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of afferent impulses setting in action the respiratory centre. If both 
vagi be divideSi, respiration still continues though in a modified form. 
This proves distinctly that afferent impulses ascending those nerves 
are not the efficient cause of the respiratory movements. We have 
seen that when the spinal cord is dividea below the medullji, the 
facial and laryngeal movements still continue. This proves that the 
xespiratory centre is still in action, though its activity is unable to 
manifest itself in any thoracic movement. But when the cord is 
thus divided the respiratory centre is cut off from all sensory 
impulses, save those which may pass into it from the cranial nerves; 
and the division of these cranial nerves in no way destroys respira- 
tion. Hence it is clear that the respiratory impulses proceeding 
from the respiratory centre are not simply afferent impulses reaching 
the centre along afferent nerves and transformed by reflex action in 
that centre. They evidently start de novo from the centre itself, 
however much their characters may be affected by afferent impulses 
reaching 'that centre at the time of their being generated. The 
action of the centre is automatic, not simply reflex. 

Among the afferent impulses which affect the automatic action of 
the centre, the most important are those which ascend along the 
vagi. If one vagus be divided, the respiration becomes slower; if 
both be divided, it becomes very slow, the pauses between expiration 
and inspiration being excessively prolonged. The character of the 
respiratory movement too is markedly changed, each respiration is 
fuller and deeper, so much so that what is lost in rate is gained in ex- 
tent, the amount of carbonic acid produced and oxygen consumed in 
a given period remaining after division of the nerves about the same 
as when they were intact. It is evident from this, in the first place, 
that during life afferent impulses are continually ascending the vagi 
and modifying the action of the respiratory centre, and in the second 
place, that the modification bears simply on the distribution in time 
of the efferent respiratory impulses, and not at all on the amount to 
which they are generated. These afferent impulses are probably 
started in the lungs by the condition of the blood in the pulmonary 
capillaries acting as a stimulus to the peripheral endings of the nerves, 
though possibly the altered air in the air-cells may also act as a sti- 
mulus on the nerve-endings. 

It has been suggested that the mere movements of expansion and 
contraction may also serve as a stimulus. According to Hering and Breuer 
when air is mechanically driven into the chest, an expiratory movement 
follows, and when air is drawn out, an inspiratory; and this not only witli 
atmospheric air but with indifferent gases, such as nitrogen; when both 
vagi are cut, these effects do not appear. They infer from this, that the 
nsere mechanical expansion of the lungs transmits along the vagus an. 
impulse tending to inhibit inspiration and to generate an expiration, and 
the mechanical contraction of the lung an impulse tending to inhibit 


^ TFien Sitzungsberieht, Nov. 6, 1868. 
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expiration and to generate an inspiration. Hence according to them the 
very expansion of the lungs^ which is the natural effect of an inspiration, 
tends of itself to cut short that inspiration and to inaugurate the sequent 
expiration, and similarly the contraction of an expiration promotes the 
following inspiration. They speak in fact of the lungs as being so far 
self-reflating. This view, however, though very interesting can perhaps 
baldly at present be regarded as proved*. 

When the central stump of one of the divided vagi is stimulated 
with a gentle interrupted current, the respiration, which from the 
division of the nerves had become slow, is quickened again; and 
with care, by a proper application of the stimulus, the normal respi- 
ratory rhythm may for a time be restored. Upon the cessation of 
the stimulus, the slower rhythm returns. If the current be increased 
in strength, the rhythm may in some cases be so accelerated that at 
last the diaphragm is brought into a condition of prolonged tetanus, 
and a standstill of respiration in an extreme inspiratory phase is the 
result. 

If the central end of the superior lar3mgeal branch of the vagus be 
stimulated, whether the main trunk of the nerve be severed or not, a 
slowing of the respiration takes place, and this may by proper stimu- 
lation be carried so far that a complete standstill of respiration in the 
phase of rest is brought about, i.e. the respiratory apparatus remains 
in the condition which obtains at the close of an ordinary expiration, 
the diaphragm being completely relaxed. In other words, the 
superior laryngeal nerve contains fibres, the stimulation of which 
produces afferent impulses whose effect is to inhibit the action of the 
respiratory centre ; while the main trunk of the vagus contains fibres, 
the stimulation of which produces afferent impulses whose effect is to 
accelerate or augment the action of the respiratory centre. In some 
cases stimulation of the main trunk of the vagus also causes a slowing 
or even standstill of the respiration, especially when the nerve has 
become exhausted by previous stimulation. We may explain these 
results by supposing that while the superior laryngeal contains only 
inhibitory fibres, the main trunk of the vagus contains both accele- 
rating and inhibitoiy fibres, the former however greatly prepon- 
derating. While, from the results of simple section of the main 
trunk, it is clear that the accelerating fibres are continually at work, 
it is not so clear that the inhibitory fibres are always in action, since 
section even of both superior laryngeals does not necessarily quicken 
respiration. 

The statement made above, if not wholly satisfactory, has at least the 
merit of reconciling conflicting statements. For a long time a controversy 
was carried on between those authors who maintained that stimulation of 
the central end of the vagus, when the nerve was divided in the neck, 
brought about a tetanic contraction of the diaphragm and so had an in- 
spiratory effect, and those who observed a complete relaxation to follow 

1 Guttmann, Du Bois-Beymond’s ArcUv, 1875, p. 500. 
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upon stimulation and so regarded the effect as expiratory. We are in- 
debted to RosenthaP for pointing out the contrast between the action of 
the main trunk of the vagus and that of the superior laryngeal branch ; 
and the view just put forward in the text is in the main that of 
Rosenthal, except so far as the existence of any inhibitory fibres at all 
in the main trunk is concerned. We further owe to Rosenthal a con- 
sistent theory of the manner in which the vagus acts on the respiratory 
centre. According to him we may regard the respiratory centre as the 
seat of two conflicting forces, one tending to generate respiratory impulses, 
and the other oftering resistance to the genemtion of these impulses, the 
one and the other alternately gaining the victory and thus leading to 
a rhythmic discharge. The afferent impulses pixssing upward along the 
main trunks of the vagi are further to be looked upon as acting not on 
the generation of impulses but on the resistance offered by the centre, 
diminishing that resistance in proportion to their intensity. Hence when 
the vagi are divided, the central resistance is increased, owing to the 
absence of the diminishing effect of the usual afferent impulses, and in 
consequence, the res])iratory impulses take a longer time in gathering head 
sufficient to overcome the increased resistance and therefore are less fre- 
quent, though the dischai'ge when it does occur is proportionately more 
forcible. Stimulation of the divided vagi on the other hand by increasing 
the afferent impulses and so diminishing the central resistance renders 
the discharges mor^ frequent. The impulses which ascend to the medulla 
along the superior laryngeal branches may in like manner be regarded 
as increasing the central resistance, and thus as inhibitory of the resjd- 
ratory discharge. 

It is obvious that this theory, though constructed chiefly with the view 
of explaining inspiratory impulses and their inhibition, must, in order to 
be satisfactory, also include the consideration of distinctly expiratory im- 
l)ulses. For in laboured respiration we must in some way or other admit 
the existence of specific expiratory impulses, and if Hering and Breuer's 
view be correct, the vagus must even in ordinary breathing be the channel 
of stimuli which excite expiratory impulses, Rosenthal regards the expi- 
ratory regions of the respiratory centre as being less irritable and requiring 
a stronger stimulus than the inspiratory regions, and therefore brought 
into play to any extent only when the blood is less arterial than usual. 

Stimulation of the central end of the inferior laryngeal is said to 
have an inhibitory effect like that of the superior laryngeal, but much 
slighter®. 

This double or alternate respiratory action of the vagi may be 
taken as in a general way illustrative of the manner in which other 
afferent nerves and various parts of the cerebrum are enabled to 
influence respiration, this or that afferent impulse, started by a 
stimulus applied to the skin or elsewhere, or by an emotion and 
the like, playing, according to circumstances, now an inhibitory now 
an accelerating part. As we know from daily experience, of all the 
apsychical nervous centres, the respiratory centre is the one which 

^ Die AthembewegungeUi 1862, and Du Bois-Beymond’s ArcMvy 1864, p. 456; 1805, 
p. 191; 1870, p. 423. ^ 

^ Bosouthal, ^utornat. Nerven-Centra, 1875. 
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is most frequently and most deeply affected by nervous impulses 
from various quarters. 

The one thing, however, which above others affects the respiratory 
centre, is the condition of the blood in respect to its respiratory 
changes ; the more venous (less arterial) the blood, the greater is the 
activity of the respiratory centre. When by reason either of any 
hindrance to the entrance of air into the chest, or of a greater 
respiratory activity of the tissues, as during muscular exertion, 
the blood becomes less arterial, more venous, Le. with a smaller 
charge of oxyhsemoglobin and more heavily laden with carbonic 
acid, the respiration from being normal becomes laboured. This 
effect of deficient arterialization of blood is very different from that 
of section of the vagi ; it is no mere change in the distribution of 
impulses ; the breathing is quicker as well as deeper, there is an 
increase of the sum of efferent impulses proceeding from the centre, 
and the expiratory impulses, which in normal respiration are very 
slight, acquire a pronounced importance. As the blood becomes, in 
cases of obstruction, less and less arterial, more and more venous, the 
discharge from the respiratory centre becomes more and more vehe- 
ment, and instead of confining itself to the usual tracts, and passing 
down to the ordinary respiratory muscles, overflowsi into other tracts, 
puts into action other muscles, until there is perhaps hardly a muscle 
in the body which is not made to feel its effects. And this dis- 
charge may, as we shall see in speaking of asphyxia, continue till the 
nervous energy of the respiratory centre is completely exhausted. 
The effect of venous blood then is to augment these natural ex- 
plosive decompositions of the nerve-cells of the respiratory centre 
which give rise to respiratory impulses ; it increases their amount, 
and also quickens their rhythm. The latter change however is 
always much less marked than the former, the respiration in dyspnma 
being much more deepened than hurried, and the several respiratory 
acts are never so much hastened as to catch each other up, and so to 
produce an inspiratory tetanus like that resulting from stimulation of 
the vagus. On the contrary, especially as exhaustion begins to set 
in, the rhythm becomes slower out of proportion to the weakening of 
the individual movements. 

There seem to be two distinct kinds of dyspnoea. In one with in- 
creased depth the rhythm is not proportionately quickened or may even be 
diminished. Thus in the dyspnoea caused by section of the phrenic nerves, 
the rhythm falls notably ^ In the other, which may be called the asth- 
matic type, the rhythm is hurried, while the depth of each breath is not 
increased but, in many cases at least, diminished. 

On the other hand, the blood may be made not more but less 
venous than usual. This condition may bo brought about by an 
animal being made to inspire oxygen, or to breathe for a time more 
rapidly and more forcibly than the needs of the economy require. 

1 Furkinje, quoted by Bering and Brener, Op. ciu 
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If in a rabbit artificial respiration is carried on very vigorously for a 
while, and then suddenly stopped, the animal does not immediately 
begin to breathe. For a variable period no respiration takes place at 
all, and when it does begin occurs gently and normally, only passing 
into dyspnoea if the animal is unable to breathe of itself, and then 
^uite gradually. Evidently during this period the respiratory centre 
is in a state of complete rest, no explosions are taking place, no 
respiratoiy impulses are being generated, and the quiet transition from 
this condition to that of normal respiration shews that the subsequent 
generation of impulses is attended by no great disturbance. The 
cause of this state of things, which is known as that of apnaea, is to be 
sought for in the condition of the blood. By the increased vigour of 
the artifical respiratory movements the hfismoglobin of the arterial 
blood, which is naturally not quite saturated, becomes almost 
completely so, and the dissolved oxygen is increased, its tension 
being largely augmented. Respiration is arrested because the blood 
is more highly arterialized than usual. Thus we have in apnoea the 
converse to dyspnoea ; and both states point to the same conclusion, 
that the activity of the respiratory centre is dependent on the 
condition of the blood, being augmented when the blood is less 
arterial and more venous, being depressed when it is more arterial 
and less venous than usual. 

The question now arises. Does this condition of the blood affect 
the respiratory centre directly, or does it produce its effect by 
stimulating the peripheral ends of afferent nerves in various parts of 
the body, and, by the creation there of afferent impulses, indirectly 
modify the action of the centre ? Without denying the possibility that 
the latter mode of action may help in the matter, as regards not only 
the vagi, but all afferent nerves, it is clear from the following reasons 
that tht,main effect is produced by the direct action of the blood on 
the respiratory centre itself. If the spinal cord be divided below the 
medulla oblongata, and both vagi be cut, want of proper aeration 
of the blood still produces an increased activity of the respiratory 
centre, as shewn by the increased vigour of the facial respiratory 
movements. If the supply of blood be cut off from the medulla by 
ligature of the blood-vessels of the neck, dyspnoea is produced, 
though the operation produces no change in the blood generally, 
but simply affects the respiratory condition of the medulla itself, 
by cutting off its blood-supply, the immediate result of which is 
an accumulation of carbonic acid and a paucity of available oxygen 
in the protoplasm of the nerve-cells in that region. If the blood in 
the carotid artery in an animal be warmed above the normal, 
dyspnoea is at once produced. The over-warm blood hurries on the 
activity of the nerve-cells of the respiratory centre, so that the 
normal supply of blood is insufficient for their needs. The condition 
of the blood then affects respiration by acting directly on the respira- 
tory centre itself. 

Deficient aeration produqes two effects in blood : it diminishes the 
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oxygen, and increases the carbonic acid. Do both of these changes 
affect the respiratory centre, or only one, and if so, which ? When 
an animal is made to breathe an atmosphere containing nitrogen 
only, the exit of carbonic acid by diffusion is not prevented, and the 
blood contains no excess of carbonic acid^. Yet all the phenomena of 
dyspncea are present. In this case these can only be attributed to 
the deficiency of oxygen. On the other hand, if an animal be made to 
breathe an atmosphere rich in carbonic acid, but at the same time 
containing abundance of oxygen, true dyspnoea does not*occur. The 
animal suffers from symptoms similar to those caused by the poisons 
known as narcotic. It becomes sleepy, drowsy, and *finally un- 
conscious, but though the respiration is modified, actual dyspnoea 
and asphyxia are not .produced. The carbonic acid acts on some 
portions of the cerebrum, but has no specific respiratory action on 
the respiratory centre. These facts leave no doubt that the action 
of deficiently arterialized blood on the respiratory centre, ns mani- 
fested in an augmentation of the respiratory explosions, is due 
primarily to a want of oxygen, and not to an excess of carbonic acid. 


Sec. 7. The Effects of Respiration on the Circulation. 

We have seen, while treating of the circulation, that the blood- 
pressure curves are marked by undulations, which, since their rhythm 
is synchronous with that of the respiratory movements, are evidently 
in some way connected with respiration. When the brain of a living 
mammal is exposed by the removal of the skull, a rhythmical rise 
and fall of the cerebral mass, a pulsation of the brain, is observed ; 
and upon examination it will be found that these pulsations are 
synchronous with the respiratory movements, the brain nsing up 
during expiration and sinking during inspiration. They disappear 
when the arteries going to the brain are ligatured, or When the 
venous sinuses of the dura mater are laid open so as to admit of a 
free escape of the venous blood. They evidently arise from the 
expiratory movements in some way hindering and the inspiratory 
movements assisting the return of blood from the brain. We have 
already (p. 100) stated that during inspiration the pressure of blood in 
the great veins may become negative, i,e. sink below the pressure of 
the atmosphere ; and a puncture of one of these veins may cause 
immediate death by air being actually drawn into the vein and thus 
into the heart during an inspiratory movement. When the veins of 
an animal are laid bare in the neck and watched, the so-called pulsus 
venosus may be observed in them, that is, they swell up during 
expiration and diminish again during inspiration. And indeed a 
little consideration will shew that the expansion and contraction of 
the chest must have a decided effect on the flow of blood through the 

1 Pfluger, PJiilgefB Archive i. (1868) p. 61, 
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thoracic portion and thus indirectly through the whole of the vascular 
system. 

The heart and great blood-vessels are, like the lungs, placed in 
the air-tight thoracic cavity, and are subject like the lungs to the 
pumping action of the respiratory movements. Were the lungs 
entirely absent from the chest, the whole force of the expansion of 
the thorax in inspiration would be directed to drawing blood from 
the extra-thoracic vessels towards the heart, and conversely the 
effect of the contraction of the thorax in expiration would be to 
drive the blood back again from the heart towards the extra-thoracic 
vessels. In the presence of the lungs however the free entrance of 
air into the interior of the chest tends to maintain the pressure 
around the heart and great vessels within the thorax ecpial to the 
ordinary atmospheric pressure on the vessels of the rest of the body 
outside the thorax ; but it is unable completely to equalize the two 
pressures. Did the air enter as freely into the lungs as it does into 
the pleural cavities when wide openings are made in thoracic walls, 
the respiratory movemeiats would have very little effect indeed 
on the flow of blood to and from the heart, just as under similar 
circumstances (p. 255) they would be ineffectual in promoting the 
entrance and exit of air to and from the lungs. But the air does not 
pass into the pulmo-nary alveoli as freely as it would do into a 
pleural cavity through an opening in tho thoracic wall. Before the 
inspired air can fill a pulmonary alveolus, the walls of the alveolus 
have to be distended at the expense of the pressure which causes the 
inspired air ta enter. Part of the atmospheric pressure in fact 
which causes the entrance of the air into the lung is spent in over- 
coming the elasticity of the pulmonary passages and cells. Conse- 
quently, aoiy structure lying within the thorax but outside tho 
lungs, is never, even at the conclusion of an inspiration when the 
lungs are filled with air, subject to a pressure as great as that of the 
atmosphere. The pressure on such a structure always falls short of 
the pressure of the atmosphere by the amount of pressure necessary 
to counterbalance the elasticity of the pulmonary passages and cells. 
And, since the fraction of the atmospheric pressure which is thus 
spent in distending the lungs increases as the lungs become more 
and more stretched, it follows that the- fuller the inspiration the 
greater is the difference between the pressure on structures outside 
the lungs but within the thorax and the ordinary pressure of the 
atmosphere. Now we have seen (p. 255) that the pressure necessary 
to counterbalance the elasticity of the lungs„ when they are com- 
pletely at rest (in the pause between expiration and inspiration), is 
in man about 6 to 7 mm. of mercury, and that when the lungs are 
fully distended, as at the end of a forcible inspiration, the pressure 
rises to as much as 30 mm. of mercury. Hence at the height of a 
forcible inspiration the pressure exerted on the heart and great 
vessels within the thorax is 30 mm. less than the ordinary atmospheric 
pressure of 7C0 mm., and even when the chest is completely at rest, 
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at the end of an expiration, the pressure on the heart and great 
vessels is slightly (by about 5 mm. mercury) below that of the 
atmosphere. 

During an inspiration then the pressure around the heart and 
great blood-vessels becomes considerably less than that of the 
atmosphere on the vessels outside the thorax. During expiration 
this pressure returns towards that of the atmosphere, but in ordinaiy 
breathing never quite reaches it. It is only in forcible expiration 
that the pressure on the thoracic vascular organs exceeds that of the 
atmosphere. But if during inspiration the pressure bearing on the 
right auricle and the venae cavae becomes less than tho pressure 
which is bearing on the jugular, subclavian, and other veins, outside 
the thorax, this must result in an increased flow from the latter 
into the former. Hence, during each inspiration a larger quantity 
of blood enters the right side of the heart. This probably leads to 
a stronger stroke of the heart, and at all events causes a larger 
quantity to be ejected by the right ventricle; this causes a larger 
quantity to escape from the left ventricle, and thus more blood is 
thrown into the aorta, and the arterial tension proportionately in- 
creased. During expiration the converse takes place. The pressure 
on the intra-thoracic blood-vessels returns to the normal, tho flow of 
blood from the veins outside the thorax into tho veme cava3 and 
right auricle is no longer assisted, and in consequence less blood 
passes through the heart into the aorta, and arterial tension falls 
again. During forced expiration, the intra-thoracic pressure may be 
so great as to afford a distinct obstacle to the flow from the veins into 
the heart. 

The effect of the respiratory movements on the arteries is natu- 
rally different from that on tho veins. During inspiration, the aortic 
arch, from the diminution of pressure outside it, tends to expand ; in 
consequence the pressure of blood within it, i. e. tho arterial tension, 
tends to diminish. During expiration, the increase of pressure out- 
side the aortic arch of course tends to increase also the blood- 
pressure within it, acting in fact just in the same way as if the coats 
of the aorta themselves contracted. Thus tho effects of the respira- 
tory movements on the great veins and great arteries respectively, 
arc, as far as arterial blood-pressure is concerned, antagonistic to each 
other; the effect on the veins being to increase arterial tension 
during inspiration and to diminish it during expiration, while tho 
effect on the arteries is to diminish arterial tension during inspira- 
tion and to increase it during expiration. But we should naturally 
expect the effect on the thin- walled veins to be greater than that on 
the stout thick-walled arteries, so that the total effect of inspiration 
would be to increase, and the total effect of expiration to diminish, 
arterial tension. 

These facts seem at first sight to afford a ready explanation of 
the respiratory undulations of the blood-pressure curve ; the rise of 
pressure in each undulation might be supposed to bo due to the 
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inspiratory, the fall to the expiratory movement. When however the 
respiratory undulations of the blood-pressure curve are compared 
carefully with the variations of intra-thoracic pressure, it is seen 
that neither the rise nor the fall of the former are exactly syn- 
chronous with either diminution or increase of the latter. Fig. 42 



Fio. 42 . CoMPABisoN OF Blood-Presstjbe curve with curve op Intra-thoracio 
Pressure. To bo read from left to right. 

a is the blood-pressure curve, with its respiratory undulations, the slower beats on 
the descent being very marked, h is the curve of intra-thoracic pressure obtained by 
connecting one limb of a manometer with the pleural cavity. Ini) '•Stion begins at i, 
expiration at e. The intra-thoracic pressure rises very rapidly after the cessation of the 
inspiratory effort, and then slowly falls as the air issues from the chest ; at the beginning 
of the inspiratory effort the faU becomes more rapid. 

shews two tracings from a dog taken at the same time, one, a, being 
the ordinary blood-pressure curve from the carotid, and the other, 
5, representing the condition of the intra-thoracic pressure, as ob- 
tained by carefully bringing a manometer into connection with tho 
pleural cavity. On comparing the two curves, it is evident that 
neither the maximum nor the minimum of arterial pressure coincides 
exactly either with inspiration or with expiration. At the beginning 
of inspiration (i) the arterial pressure is seen to be falling ; it soon 
however begins to rise, but does not reach the maximum until some 
time after expiration (e) has begun; the fall continues during the 
remainder of expiration, and passes on into the succeeding inspira- 
tion. In order to reconcile the facts represented by these curves 
with the mechanical explanation given above, we must suppose that 
the beneficial effects of the inspiratory movement in the larger 
supply of blood brought to the heart, take some time to develope 
themselves, and last beyond the movement itself. 

But there are phenomena which shew that the respiratory undu- 
lation is more complex in its causation than would at first sight 
appear ; that other influences besides simply mechanical ones are at 
work. One striking feature of the respiratory undulation in the 
blood-pressure curve of the dog is the fact that the pulse-rate is 
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Q uickened during the rise of the undulation and becomes slower 
uring the fall. The quickening of the beat might be considered as 
itself partly accounting for tho rise, were it not for two facts. In the 
rabbit, the respiratory undulations, though well marked, present a 
very small ditference of pulse-rate in the rise and fall. In the dog, 
the difference is at once done away with, without any other essential 
change in the undulations, by section of both vagi. Evidently the 
slower pulse during the fall is caused by a coincident stimulation of 
the cardio-inhibitory centre in the medulla oblongata, the quicker 
pulse during the rise being due to the fact that, during that interval, 
the centre is comparatively at rest. We have here most impor- 
tant indications that, while the respiratory centre in the medulla 
oblongata is at work, sending out rhythmic impulses of inspiration 
and expiration, the neighbouring cardio-inhibitory centre is, as it 
were by sympathy, thrown into an activity of such a kind that its 
influence over tho heart waxes and wanes with each respiratory 
movement. 

But if the cardio-inhibitory centre is thus synchronously affected, 
ought we not to expect that the vaso-motor centre should also bo 
involved in the action ? Wo have very clear evidence that it is. 
When, in an animal under urari, artificial is substituted for natural 
respiration, undulations of the blood-pressure curve are observed 
(Fig. 43, 1) similar in character to, though less in extent than, those 
seen under natural conditions. Now in artificial respiration, tho 
mechanical conditions, under which the thoracic viscera are placed 
as regards pressure, are the exact opposite of those existing 
during natural respiration; for the pressure within the chest is 
increased instead of diminished, when air is blown into the 
trachea to distend the lungs. Evidently the respiratory undu- 
lations of blood-pressure which occur during artificial respiration 
cannot be explained on the same mechanical grounds. 

Moreover, similar undulations are witnessed in tho absence of all 
respiratory movements, and are also seen when the chest is opened, 
the heart removed, and an artificial circulation of blood kept up by • 
means of a mechanical pump. In this case they cannot be at all 
connected with events going on in the chest; they must be dependent 
on variations in the peripheral resistance of the vascular system. 

When artificial respiration is stopped, a very large but steady rise 
of pressure is observed. This may be in part due to the increased 
force of the cardiac beat, caused by the increasingly venous character 
of the blood ; but only in part, and that a small part. The rise so 
witnessed is very similar to that brought about by powerfully stimu- 
lating a number of vaso-constrictor nerves; and there can bo no doubt 
that it is due to the venous blood stimulating the vaso-motor centre 
in the medulla, and thus causing constriction of the small artories of 
the body. We say ‘stimulating the vaso-motor centre,' because, 
though possibly the venous blood may act directly on local periphe- 
j:al mechanisms, or on the muscular coats of the small arteries them^ 
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The curves 1, 2, 8, 4, 5, were taken at intervals, and all form part of one experi- 
ment. Each curve is placed in its proper position relative to the buso hue, which, to 
save space, is omitted. During 1, artificied respiration was kept up, the undulations 
visible are therefore not duo to the mechanical action of the chest. When the 
artificial respiration was suspended these undulations for a while disappeared, and 
the blood-pressure rose steadily while the heart-beats became slower. Soon, as shewn 
in curve 2, the undulations re-appeared. A little later, the blood-pressure was still 
rising, the heart-beats still slower, but the undulations still obvious (curve 3). Still 
later (curve 4), the pressure was still higher, but the heart-beats were quicker, and the 
undulations flatter. The pressure then began to fall rapidly (curve 5), and con- 
tinued to fall until some time after artificial respiration was resumed. 

selves, the fact that the rise of pressure under these circumstances is 
a very slight one when the spinal cord has been previously divided 
below the medulla, shews that it is the centre itself wliich plays the 
chief part. Similarly, section of the spinal cord, it is said, obliterates 
or largely diminishes the undulations seen in artificial respiration. 
Moreover, though when artificial respiration is suddenly stopped, the 
respiratory undulations cease also, the blood-pressure curve rising 
steadily in almost a straight line; yet after a while new undulations, 
the so-called Traube’s curves, make their appearance (Fig. 43, 2, 3), 
very similar to the previous ones, except that their curves are larger 
and of a more sweeping character. These new undulations — which, 
since they appear in the absence of all thoracic movements, passive 
or active, and are witnessed even when both vagi are cut, must be of 
vaso-motorial origin — are maintained as long as the blood-pressure 
continues to rise. With the increasing venosity of the blood, 
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however, both the vaso-motor centre and the heart become ex- 
hausted; the undulations disappear, and the blood-pressure rapidly 
sinks. Relying on the obvious nature of these curves of Traube, we 
are led to the view that the rhythmic undulations seen in artificial 
respiration are due to a rhythmic stimulation of the vaso-motor 
centre, a stimulation which is dependent for its amount on the 
venous character of the blood circulating through the medulla oblon- 
gata. And if this is the case with artificial respiration, we may infer 
that a similar rhythmic stimulation of the vaso-motor centre is in 
part at least the cause of the undulations seen during natural 
l)reathing. Hence the peculiar features of these undulations may 
be considered as due partly to the mechanical conditions of the flow 
of blood through the thorax, and partly to a rhythmic stimulation 
both of the vaso-motor centre and of the cardio-inhibitory centre, 
synchronous as far as the mere repetition of the rhythm is concerned 
with the stimulation of the respiratory centre itself. 

Funke and Latsclienberger' have brought forward the ingenious sugges- 
tion that the mere expansion and colJapse of the limgs, whether brought 
about by thoracic aspimtions as in natural, or by tracheal pressure as in 
artificial respimtion, by afifecting the capacity of the pulmonary capillaries, 
modifies the flow through the lungs from the right to the left side of 
the heai*t, and so i)roduces variations in arterial pressure. They argue 
that the act of expansion of tlie lungs, by stretching and thus nannwing 
the pulmonary caiullaries, forces an extra quantity of blood from the 
capillaries into the left side of the heari and so increases the pressure 
in the aorta; and conversely in the expiratory collapse of the pulmonary 
alveoli, the caj)illaries in regaining their normal width are able for 
the time being to hold in themselves a larger quantity of blood, and so 
to reduce the flow into the l(‘ft auricle and to diminish temporarily the 
arterial pressure. It follows of coui*se that the permanent condition of 
expansion is (with narrow capillaries) unfavourable, and that of expiration 
(with wider capillaries) favourable to the flow of blood from the right 
to the left side of the heart, so that the immediate results of each kind 
of movement are in time followed by effects of an opposite kind. And 
the authors, by help of these views, offer very ingenious explanations of 
the variations in blood-pressure which accompany variations in the rhythm 
and character of the respiratory movements. But further experiments 
and criticism are necessary before their theoiy can be accepted, as they 
propose, as a substitute for the vaso-motor theory, or even as demon- 
strating the presence of a third factor in the production of the undulations. 

It may be remarked that in tlie development of Traiibe’s curves the 
vaso-motor centre manifests a rhythm of its own. The action of the stimu- 
lus, viz. of the venous blood, is constant, yet the activity of the centre rises 
and falls in periods determined by itself : in other words, the vaso-motor 
centre, like so many other centres, is capable of manifesting a rhythmic 
automatism. Since however in natural respiration the rhythm of the vaso- 
motor centre is synchronous with that of the respiratory centre (though 
the maximum of activity does not fall exactly at the same time in each), 


1 Pfltiger’s Archiv, xv. (1877) 405. 
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we must suppose that the latter is able by irradiation or in some other way 
to regulate iie rhythm of the former, and thus to bring it into harmony 
with itself 

It has been suggested that the increased frequency of beat during the 
inspiratory phase may be due to the mechanical distension of the Iqngs, 
whereby afferent impulses are transmitted along the vagus, which by 
inhibiting the cardio-inhibitory centre cause an increased frequency of beat, 
But the experiments on which this view is based are not conclusive. 


Sec. 8, The Effects of Changes in the Air breathed. 

The Effects of deficient Air. Aspliyocia. 

When, on account of occlusion of the trachea, or by breathing in 
a confined space, a due supply of air is not obtained, normal respira- 
tion gives place through an intermediate phase of dyspnoea to the 
condition known as asphyxia; this, unless remedial measures be 
taken, rapidly proves fatal. 

Phenomena of Asphyxia* As soon as the oxygen in the arterial 
blood sinks below the normal, the respiratory movements become 
deeper and at the same time more frequent; both the inspiratory 
and expiratory phases are exaggerated, the supplementary muscles 
spoken of at p. 262 are brought into play, and the rate of i id rhythm 
is hurried. In this respect, dyspnoea, or hyperpnoea as this first 
stage has been called, contrasts very strongly with the peculiar respi- 
ratory condition caused by section of the vagi, in which the respira- 
tory movements, while much more profound than the normal, are 
diminished in frequency. 

As the blood continues to become more and more venous the 
respiratory movements continue to increase both in force and fre- 
quency, a larger number of muscles being called into action and 
that to an increasing extent. Very soon, however, it may be observed 
that the expiratory movements are becoming more marked than the 
inspiratory. Every muscle which can in any way assist in expiration 
is in turn brought into play; and at last almost all the muscles of 
the body are involved in the struggle. The orderly expiratory move- 
ments culminate in expiratory convulsions, the order and sequence of 
which is obscured by their violence and extent. That these convul- 
sions, through which dyspnoea merges into asphyxia, are due to a 
stimulation of the medulla oblongata by the venous blood, is proved 
by the fact that they fail to make their appearance when the spinal 
cord has been previously divided below the medulla, though they 
still occur after those portions of the brain which lie above the me- 
dulla have been removed. It is usual to speak of a ‘convulsive cen- 
tre* in the medulla^ the stimulation of which gives rise to these 
convulsions ; but if we accept the existence of such a centre we must 
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at the same time admit that it is connected by the closest ties 
with the normal expiratory division of the respiratory centre, since 
every intervening step may be observed between a simple slight 
expiratory movement of normal respiration and the most violent 
convulsion of asphyxia. An additional proof that these convulsions 
are carried out by the agency of the medulla is afforded by the 
fact that convulsions of a wholly similar character are witnessed 
when the supply of blood to the medulla is suddenly cut off by 
ligaturing the blood-vessels of the head. In this case the nervous 
centres, being no longer furnished with fresh blood, become rapidly 
asphyxiated through lack of oxygen, and expiratory convulsions quite 
similar to those of ordinary asphyxia, and preceded like them by a 
passing phase of dyspnooa, make their appearance. Similar 'anaemic* 
convulsions are seen after a sudden and large loss of blood from the 
body at large, the medulla being similarly stimulated by lack of 
arterial blood. 

Such violent efforts speedily exhaust the nervous system ; and the 
convulsions after being maintained for a brief period suddenly cease 
and are followed by a period of calm. The calm is one of exhaustion; 
the pupils, dilated to the utmost, are unaffected by light ; touching 
the cornea calls forth no movement of the eyelids, and indeed no 
reflex actions can anywhere be produced by the stimulation of sen- 
tient surfaces. All expiratory active movements have ceased; the 
muscles of the body are flaccid and quiet ; and though from time to 
time the respiratory centre gathers sufficient energy to develope 
respiratory movements, these resemble those of quiet normal breath- 
ing, in being, as far as muscular actions arc concerned, almost entirely 
inspiratory. They occur at long intervals, like those after the section 
of the vagi ; and like them are deep and slow. The exhausted respi- 
ratory centre takes some time to develope an inspiratory explosion ; 
but the impulse when it is generated is proportionately strong. It 
seems as if the resistance which had in each case to be overcome 
was considerable, and the effort in consequence, when successful, 
productive of a large effect. 

As time goes on, these inspiratory efforts become less frequent ; 
their rhythm becomes irregular; long pauses, each one of which 
seems a final one, are succeeded by several somewhat rapidly re- 
peated inspirations. The pauses become longer, and the inspiratory 
movements shallower. Each inspiration is accompanied by the con- 
traction of accessory muscles, especially of the face, so that each 
breath becomes more and more a prolonged gasp. The inspiratory 
gasps spread into a convulsive stretching of the whole body; and 
with extended limbs, and a straightened trunk, with the head thrown 
back, the mouth widely open, the face drawn, and the nostrils dilated, 
the last breath is taken in. 

Thus we are able to distinguish three stages in the phenomena 
which result from a continued deficiency of air: — (1) A stage of 
dyspnoea, characterized by an increase of the respiratory movements 
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both of inspiration and expiration. (2) A convulsive stage, charac- 
terized by the dominance of the expiratory efforts, and culminating 
in gener^ convulsions. (3) A stage of exhaustion, in which lingering 
and long-drawn inspirations gradually die out. When brought about 
by sudden occlusion of the trachea these events run through their 
course in about 4 or 6 minutes in the dog, and in about 3* or 4 
minutes in the rabbit. The first stage passes gradually into the 
second, convulsions appearing at the end of the first minute. The 
transition from the second stage into the third is somewhat abrupt, 
the convulsions suddenly ceasing early in the second minute. The 
remaining time is occupied in the third stage. 

The duration of asphyxia varies not only in different animals but in the 
same animal under different circumstances. Newly bom and young animals 
need much longer immersion in water before death by asphyxia occurs than 
do adults. Thus while in a full-grown dog recovery from drowning is un- 
usual after \\ minutes, a new-born puppy has been known to bear an 
immersion of as much as 50 minutes. The cause of the difference lies in the 
fact that in the young animal the respiratory changes of the tissues are much 
less active. These consume less oxygen, and the general store of oxygen in 
the blood has a less rapid demand made upon it. The respiratory activity of 
the tissues may also be lessened by a deficiency in the circulation ; hence 
bodies in a state of syncope at the time when the deprivation of oxygen 
begins can endure the loss for a much longer period than can bodies in 
which the circulation is in full swing. There being the same ^ ire of oxygen 
in the blood in each case, the quicker circulation must of necessity bring 
about the speedier exhaustion of the store. In many cases of drowning, 
death is hastened by the entrance of water into the lungs. 

By training, the respiratory centre may be accustomed to bear a scanty 
supply of oxygen for a much longer time than usual before dyspnoea sets in, 
as is seen in the case of divers. 

The phenomena of slow asphyxia, where the supply of air is 
gradually diminished, are fundamentally the same as those resulting 
from a sudden and total deprivation. The same stages are seen, but 
their development takes place more slowly. 

The circulation in Asphyxia. If the carotid or other artery of 
an animal be connected with a manometer during the development 
of the asphyxia just described, the following facts may bo observed. 
During the first and second stages the blood-pressure rises rapidly, 
attaining a height far above the normal. During the third stage it 
falls even more rapidly, repassing the normal and becoming nil as 
death ensues. The respiratory undulations of the pressure-curve 
are abrupt and somewhat irregular, the inspiratory movements being 
accompanied by a fall of pressure. When the animal has been 
previously placed under urari, so that the respiratory impulses can- 
not manifest themselves by ^ny muscular movements, the rise of 
the pressure curve, as we have already said, is at first steady and 
unbroken, but after a variable period Traube’s curves make their 
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appearance. As during the third stage the pressure sinks, these 
undulations pass away. 

The heart-beats are at first somewhat quickened, but speedily 
become slow, while at the same time they acquire great force ; so that 
the pulse-curves on the tracing are exceedingly bold and striking, Fig. 
43. Even while the blood-pressure is sinking, the pulse-curves still 
maintain somewhat these characters ; and the heart continues to beat 
for some seconds after the respiratory movements have ceased, the 
strokes at last rapidly failing in frequency and strength. 

If the chest of an animal be opened under artificial respiration, 
and asphyxia brought on by cessation of the respiration, it will be 
seen that the heart during the second and third stages becomes com- 
pletely gorged with venous blood, all the cavities as well as the large 
veins being distended to the utmost. If the heart be watched to the 
close of the events, it will be seen that the feebler strokes which 
come on towards the end of the third stage arc quite unable to empty 
its cavities; and when the last beat has passed away its parts are 
still choked with blood. The veins spirt out when pricked : and it 
may frequently be observed that the beats recommence when the 
over-distension of the heart’s cavities is relieved by puncture of the 
great vessels. When rigor mortis sets in after death by asphyxia, 
the left side of the heart is more or less emptied of its contents ; but 
not so the right side. Hence in an ordinary post-mortem examina- 
tion in cases of death by asphyxia, while the loft side is found compa-r 
ratively empty, the right appears gorged. 

These various phenomena are probably brought about in the 
following way. 

The increasingly venous character of the blood augments the 
action of the general vaso-motor centre, and thus leads to a general 
constriction of the small arteries. This is the cause of the markedly 
increased blood-pressure ; though, as we have already said, possibly 
the venous blood may also act directly on the peripheral vaso-motor 
mechanism or on the muscular arterial coats, or may even affect the 
peripheral resistance by modifying the changes in the capillary 
regions, see p. 173. 

This increased peripheral resistance, while indirectly (p. 150) 
helping to augment the force of the heart’s beat, is a direct obstacle 
to the heart emptying itself of its contents. On the other hand, the 
increased respiratory movements favour the flow of venous blood 
towards the heart, which in consequence becomes more and more 
full. This repletion is moreover assisted by the marked infrequency 
of the beats. This in turn depends in part on the cardio-inhibitory 
centre in the medulla being stimulated by the venous blood ; since 
when the vagi are divided the infrequency is much less pronounced. 
It does not however disappear altogether; and we are therefore driven 
to suppose it is in part due to the V6ii6us blood acting in an inhibi- 
tory manner directly on the heart itself. The increased resistance 
in front, the augmented supply from behind, and the long pauses 

p. P. 20 
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between the strokes, all concur in distending the heart more and 
more. 

When the large veins have become full of blood the inspiratory- 
movements can no longer have their usual effect in increasing the 
blood-pressure. The whole force of the chest movement, as tar as 
the circulation is concerned, is spent in diminishing the pressure 
around the large arteries ; and hence the sinking of the blood-pres- 
sure during each inspiratory movement. 

The distension of the cardiac cavities, at first favourable to the 
heart-beat, as it increases becomes injurious. At the same time the 
cardiac tissues, which at first probably are stimulated, after a while 
become exhausted by the action of the venous blood ; and the strokes 
of the heart become feebler as Avell as slower. 

On account of this increasing slowness and feebleness of the 
heart’s beat, the blood-pressure, in spite of the continued arterial 
constriction, begins to fall, since less and less blood is pumped into 
the arterial system ; the boldness of the pulse-curves at this stage 
being chiefly due to the infrequency of the strokes. As the quantity 
which pas&es from the heart into the arteries becomes less second by 
second, the pressure gets lower and lower, the descent being assisted 
by the exhaustion of the vaso-motor centre, until almost before 
the last beats it has sunk to zero. Thus at the close of asphyxia, 
while the heart and venous system are distended with blood, the ar- 
t'^rial system is less than normally full. 


Tlie Effects of an increased supply of Air. Apnwa. 

It is a matter of common experience that after several inspiratory 
efforts of greater force than ordinary, the breath can be held for 
a much longer time than usual. In other words, by an increased 
respiratory action, the blood can be brought into such a condition 
that the generation of the respiratory impulses in the medulla is 
delayed beyond the usual time; the desire to breathe can then 
be resisted for a longer time than usual. This state of things, 
which we can easily produce in ourselves, is the beginning of that 
peculiar condition brought about by a too vigorous respiration, or 
by the inhalation of oxygen, to which we have already (p. 293 ) 
referred under the name of ^apnoea^’ The essential feature of 
apncea consists in the blood containing for the time being more 
oxygen than usual. In consequence of this a longer time is needed 
before the deficiency of oxygen in the blood of the capillaries of 
the medulla oblongata, or rather in the nerve-cells constituting the 
respiratory centre, reaches the limit which determines the discharge 
of a respiratory impulse. The molecular processes of these cells are 
so aixanged, that whenever the oxygen which is available for their 

^ It is to be revetted that this name is used by some medical authorities in a sense 
almost identical with asphyxia. In its physiological sense, as here used, it is the very 
opposite of asphyxia. 
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use sinks below a certain level, respiratory explosions occur whereby 
a fresh supply of oxygen is gained. By increasing their available 
oxygon, the explosive action of the cells is deferred and diminished ; 
that is, apnoea is established. Similarly when the supply of oxygen 
is dijniuished, the explosions are hastened and increased, that is, 
dyspnoea is brought about. The different conditions of the respira- 
tory centre during apnoea, normal breathing or eupnoea, and dyspnoea, 
are well shewn by the different effects produced by stimulating the 
afferent fibres of the trunk of the vagus with the same stimulus 
during the three stages. If the current chosen be of such a strength 
as will gently increase the rhythm of normal breathing, it will be 
found to have no effect at all in apnoea, while in dyspnoea it may 
produce almost convulsive movements. Indeed in well-marked 
apnoea, even strong stimulation of the vagus may produce no effect 
whatever. 

According to Ewald^ the hainioglobin of the blood during apnoea be- 
comes perfectly or almost perfectly saturated with oxygen. The absolute 
increase does not seem great, from *1 to *9 p. c. vol. The tension at which 
this increment exists is however very great. The venous blood, if the 
artificial 1 ‘espiration, used to produce the apnoea, be carefully carried out, 
contains more oxygen than the normal and apj)ears of a bright red colour. 
In cases where the artificial respiration interferes with the pulmonary cir- 
culation and so reduces the rapidity of the general flow of blood, the venous 
blood may be even darker than usual*. 


The Effects of changes in the Comj)osition of the Air breathed. 

Deficiency of Oxygen. This we have already seen (p. 294) is the 
true cause of dyspnoea and of asphyxia. 

Excess of Oxygen. This, except in the cases which we shall con- 
sider immediately, produces apnoea. 

Excess or deficiency of Nitrogen. Variations in amount of 
nitrogen have, per se, no effect at all. The gas is eminently an 
indifierent gas as far as physiological processes arc concerned. 

Excess of Carbonic Acid. When an animal is made to breathe an 
atmosphere containing an excess of carbonic acid in the presence of 
an ample supply of oxygen, the breathing becomes laboured, the 
respiratory movements being deeper and more frequent. True dyspneea 
however does not set in, and death does not take place by convulsions 
and asphyxia; the symptoms on the contrary resemble those of an 
animal under the influence of a narcotic poison such as opium. 

Poisonous gases. Carbonic oxide produces the same effects as 
deficiency of oxygen, inasmuch as it preoccupies the hsemoglobiu 

1 Pfluger’s Archiv, vii. (1873) 575. 
a Pinkler and Oertmann. Tfluger’e Archiv, xiv. (1877) 38. 
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and so prevents the blood from becoming properly oxygenated, see 
p. 277. Sulphuretted hydrogen produces similar effects, but in a 
different manner; it acts as a reducing agent, see p. 274. Some gases 
are irrespirable, on account of their causing spasm of the glottis, and 
this is said to be, to a certain extent, the case with carbonic acid. 

The Effects of changes in the Pressure of the Air breathed^. 

Gradual Diminution of Pressure. The symptoms are those of 
deficiency of oxygen ; the animals die of asphyxia. The blood con- 
tains less and less oxygen as the pressure is reduced, the quantity 
present in the arterial blood soon becoming less than that in normal 
venous blood. The quantity of carbonic acid in the blood is also 
diminished. The increasing dyspncea is accompanied by great general 
feebleness; and convulsions though frequent are not invariable. The 
occurrence of these seems to depend on the suddenness with which 
the oxygen of the blood is diminished. 

Sudden Diminution. Death in these cases ensues from the 
liberation of gases within the blood-vessels and the consequent 
mechanical interference with the circulation, The gas which is 
found in the blood-vessels on examination after death consists chiefly 
of nitrogen. 

Increase of Pressure. Tip to. a pressure of seveta- atmospheres 
of air, merely symptoms of narcotic poisoning, altogether like those 
of breathing an excess of carbonic acid, are developed, and there can 
be little doubt that they originate from the same cause, viz. the excess 
of carbonic acid in the blood. At a pressure however of 4 atmo- 
spheres of oxygen, corresponding to 20 atmospheres of air, and up- 
wards, a very remarkable phenomenon presents itself. The animals 
die of asphyxia and convulsions, exactly in the same way as when 
oxygen is deficient. Corresponding with this it is found that the 
production of carbonic acid is diminished. That is to say, when the 
pressure of the oxygen is increased beyond a certain limit, the oxida- 
tions of the body are diminished, and with a still further increase 
of the oxygen are arrested altogether. The oxidation of phosphorus 
is quite analogous ; at a high pressure of oxygen phosphorus will not 
burn. Bert lias further shewn that plants, bacteria, and organized 
ferments, are similarly killed by a too great pressure of oxygen. 

Sec, 9. Modified Respiratory Movements. 

The respiratory mechanism with its adjuncts, in addition to its 
respiratory function, becomes of service, especially in the case of man, 
as a means of expressing emotions. The respiratory column of air, 
moreover, in its exit from the chest, is frequently made use of in a 

^ Paul Bert, Bech Exp, sur la Presiion Baromt. 1874. 
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mechanical way to expel bodies from the upper air-passages. Hence 
arise a number of peculiarly modified and more or less complicated 
respiratory movements, sighing, coughing, laughter, &c. adapted to 
secure special ends which are not distinctly respiratory. They are 
all essentially reflex in character, the stimulus determining each 
movement, sometimes afiecting a peripheral afferent nerve as in the 
case of coughing, sometimes working through tlie higher parts of 
the brain as in laughter and crying, sometimes possibly, as in yawning 
and sighing, acting on the respiratory centre itself. Like the simple 
respiratory act, they may with more or less success be carried out by 
a direct effort of the will. 

Sighing is a deep and long-drawn inspiration chiefly through the 
nose followed by a somewhat shorter, but correspondingly large 
expiration. 

Yawning is similarly a deep inspiration, deeper and longer con- 
tinued than a sigh, drawn through the widely open mouth, and 
accompanied by a peculiar depression of the lower jaw and frequently 
by an elevation of the shoulders. 

Hiccough consists in a sudden inspiratory contraction of the 
diaphragm, in the course of which the glottis suddenly closes, so that 
the further entrance of air into the chest is prevented, while the 
impulse of the column of air just entering, as it strikes upon the 
closed glottis, gives rise to a well-known accompanying sound. The 
afferent impulses of the reflex act are conveyed by the gastric 
branches of the vagus. The closure of the glottis is carried out by 
means of the inferior laryngeal nerve. See Voice. 

In sobbing a scries of similar convulsive inspirations follow each 
other slowly, the glottis being closed earlier than in the case of 
hiccough, so that little or no air enters into the chest. 

Coughing consists in the first place of a deep and long-drawn 
inspiration by which the lungs are well filled with air. This is fol- 
lowed by a complete closure of the glottis, and then comes a sudden 
and forcible expiration, in the midst of which the glottis suddenly 
opens, and thus a blast of air is driven through the upper respiratory 
passages. The afferent impulses of this reflex act are in most cases, 
as when a foreign body is lodged in the larynx or by the side of the 
epiglottis, conveyed by the superior laryngeal nerve ; but the move- 
ment may arise from stimuli applied to other afferent branches of 
the vagus, such as those supplying the bronchial passages and 
stomach (?) and the auricular branch distributed to the meatus ex- 
ternus. Stimulation of other nerves also, such as those of the skin 
by a draught of cold air, may develope a cough. 

In sneezing the general movement is essentially the same, except 
that the opening from the pharynx into the mouth is closed by the 
contraction of the anterior pillars of the fauces and the descent of 
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the soft palate, so that the force of the blast is driven entirely 
through the nose. The afferent impulses here usually come from 
the nasal branches of the fifth. When sneezing however is produced 
by a bright light, the optic nerve would seem to be the afferent 
nerve. 

Laughing consists essentially in an inspiration succeeded, not by 
one, but by a whole series, often long continued, of short spasmo- 
dic expirations, the glottis being freely open during the whole time, 
and the vocal chords being thrown into characteristic vibrations. 

In crying, the respiratory movements are modified in the same 
way as in laughing ; the rhythm and the accompanying facial ex- 
pressions are however different, though laughing and crying frequently 
become indistinguishable. 

Our real knowledge of the physiology of respiration dates back from 
1777, when Lavoisier shewed the true nature of combustion, following 
close as this did upon Priestley’s demonstration of the identity of res])ira- 
tion and combustion (1771) and discovery of oxygen (1774). Before that 
time the chief steps of progress were, the discovery by Van Helmont (1648) 
that gas sylvestre (carbonic acid gas) was unfit for respiration, the demon- 
stration by Hook (1664) of the effects of artificial respiration, by Lower 
(1669) of the connection with respiration of the difference in colour be- 
tween venous and arterial blood, by Boyle (1670) of the ne( 'ssity for respi- 
ratory purposes of the air dissolved in water, the observations and reflec- 
tions of Mayow (1674) on the spiritus nitroaereus (oxygen), in which he 
narrowly missed anticipating Lavoisier by a century, and the discovery by 
Black (1757) of carbonic acid in air. Lavoisier however held that the 
respiratory combustion took place in the bronchial tubes, a hydro-carbonous 
substance being secreted for that purpose from the blood ; and though 
Lagrange suggested that the oxygen might be absorbed into and the car- 
bonic acid exhaled from the blood, the combustion occurring in the blood or 
tissues, and Spallanzani (1803) and W. F. Edwards (1823) shewed that 
snails, frogs and young mammals continued to produce carbonic acid in an 
atmosf)hore of hydrogen, whereby direct combustion in the lungs was 
rendered impossible, Lavoisier’s view held its ground, owing to the difficulty 
of extracting gases from the blood, until in 1837 Magnus used the mercu- 
rial air-pump and proved that both venous and arterial blood contained 
both oxygen and carbonic acid. His researches and those of Lothar Meyer 
and Fernet, which followed soon after, form the basis of our present know- 
ledge. The labours of Ludwig and his school, of Pfliiger and his pupils, 
and of others, have advanced this subject to its present condition. The 
spectroscopic discoveries of Hoppe-Seyler and Stokes have proved of great 
and increasing importance ; and we are indebted to Bosenthal for a clear 
exposition of the nervous mechanism of respiration. 
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We have traced the food from the alimentary canal into the blood, 
and, did the state of our knowledge permit, the natural course of our 
study would be to trace the food from the blood into the tissues, and 
then to follow the products of the activity of the tissues back into 
the blood and so out of the body. This however we cannot as yet 
satisfactorily do; and it will be more convenient to study first the 
final products of the metabolism of the body, and the manner in 
which they arc eliminated, and afterwards to return to the discussion 
of tlie intervening steps. 

Our food consists of certain food-stiiffs, viz. protcids, fats and carbo- 
hydrates, of various salts, and of water. In their passage through the 
blood and tissues of the body, tlio proteids are converted into urea 
(or some closely allied body), carbonic acid and water, while the fats 
and carbohydrates give rise to carbonic acid and water only. Many 
of the proteids contain phosphorus and sulphur, and some of the fats 
taken as food contain phosphorus; these elements suffer oxidation 
into phosphates and sulphates, and then leave the body in the form 
of salts. 

Broadly speaking then, the waste products of the animal economy 
are urea, carbonic acid, salts and water. Of these a large portion of 
the carbonic acid, and a considerable quantity of water, leave the body 
by the lungs in respiration ; while all (or nearly all) the urea, the 
greater portion of the salts, and a large amount of water, with an 
insignificant quantity of carbonic acid, pass away by the kidneys. 
The work therefore of the remaining excretory tissue, the skin, is 
confined to the elimination of a comparatively small quantity of 
salts, a little carbonic acid, and a variable but on the whole largo 
quantity of water in the form of perspiration. The actual excretion 
by the bowel, that is to say, that portion of the faeces which is not 
simply undigested matter, we have seen to be very small. 

The nature and amount of Perspiration, 

The quantity of matter which leaves the human body by way of 
the skin is very considerable. Thus Sequin^ estimated that, while 

. 1 Ann, d, Chim, xa pp. 52^ 403. 
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7 grains passed away through the lungs per minute, as much as 
11 grains escaped through the skin. The amount varies extremely; 
Funke' calculated, from data gained by enclosing the arm in a 
caoutchouc bag, that the total amount of perspiration from the 
whole body in 24» hours might range from 2 to 20 kilos ; but such a 
mode of calculation is obviously open to many sources of error. 

Of the whole amount thus discharged, part passes away at once 
as watery vapour containing volatile matters, while part may remain 
for a time as a fluid on the skin ; the former is frequently spoken of 
as insetisible, the latter as sensible perspiration. The proportion of the 
insensible to the sensible perspiration will depend on the rapidity of 
the secretion in reference to the dryness, temperature, and amount of 
movement, of the surrounding atmosphere. Thus, supposing the rate 
of secretion to remain constant, the drier and hotter the air, and 
more rapidly the strata of air in contact with the body are renewed, 
the greater is the amount of sensible perspiration which is by evapo- 
ration converted into the insensible condition ; and conversely when 
the air is cool, moist, and stagnant, a large amount of the total 
perspiration may remain on the skin as sensible sweat. Since, as the 
name implies, we are ourselves aware of the sensible perspiration 
only, it may and frequently does happen that we seem to ourselves 
to be perspiring largely, when in reality it is not so much the total 
perspiration which is being increased as the relative proportion of 
the sensible perspiration. The rate of secretion may however be so 
much increased, that no amount of dryness, or heat, or movement of 
the atmosphere, is sufficient to carry out the necessary evaporation, 
and thus the sensible perspiration may become abundant in a hot 
dry air. And practically this is the usual occurrence, since certainly 
a high temperature conduces, as we shall point out presently, to an 
increase of the secretion, and it is possible that mere dryness of the 
air has a similar effect. 

The total amount of perspiration is affected not only by the con- 
dition of the atmosphere, but also by the nature and quantity of food 
eaten, by the amount of fluid drunk, and by the amount of exercise 
taken. It is also influenced by mental conditions, by medicines 
and poisons, by diseases, and by the relative activity of the other 
excreting organs, more particularly of the kidney. 

The fluid perspiration, or sweat, when collected, is found to be a 
clear colourless fluid, with a strong and distinctive odour varying 
according to the part of the body from which it is taken. Besides 
accidental epidermic scales, it contains no structural elements. Its 
reaction is generally acid, but in cases of excessive secretion may be- 
come alkaline. The average amount of solids is about 1*81 p.c.*, of 
which about two-thirds consist of organic substances. The chief 
normal constituents are : (1) Sodium chloride with small (][uantities of 
other inorganic salts. (2) Various acids of the fatty senes, such as 


^ Moleschott's UtUersuch. xv. p. 36. 


• Funke, Op. ciU 



Chap, hi.] 


CUTANEOUS SECRETION. 


313 


formic, acetic, butyric, with probably propionic, caproic, and caprylic. 
The presence of these latter is inferred from the odour; it is pro- 
bable that many various volatile acids are present in small quantities. 
Lactic acid, which Berzelius reckoned as a normal constituent, is 
stateM not to be present in health. (3) Neutral fats, and cholesterin; 
these have been detected even in places, such as the palms of the 
hand, where sebaceous glands are absent. (4) Ammonia (urea) and 
possibly other nitrogenous bodies. 

Funke' detected a very considerable amount of urea in the sweat gained 
by his method, so much so that he calculated the total amount given off 
by the skin in 24 hours at about 10 grms. Ranke® on the other hand, 
who collected some of the sweat given off when the body was exposed 
in a large space to an abundant atmosphere, found no evidence whatever of 
urea. This striking contradiction has not yet been explained, thougli, as 
will be seen in dealing with nutrition, the satisfactory results which are 
gained by supposing that under normal conditions all the urea passes out 
by the kidneys, render it probable that Funke^s result is essentially an 
abnormal one. In various forms of disease the sweat has been found to 
contain, sometimes in considerable quantities,, blood (in bloody sweat), 
albumin, urea (particularly in cholera), mic acid, calcium oxalate, sugar, 
lactic acid, indigo, bile and other pigments. Iodine and potassium iodidcj, 
succinic, tartaric, and benzoic (partly as hippuric) acids have been found in 
the sweat when taken internally as medicines. 

Cutaneous Respiration. 

A frog, the lungs of which have been removed, will continue to 
live for some time; and during that period will continue not only to 
produce carbonic acid, but also to consume oxygen. In other words, 
the frog is able to breathe without lungs, respiration being carried on 
ejSiciently by means of the skin. In mammals and in man this 
cutaneous respiration is, by reason of the thickness of the epidermis, 
restricted to within very narrow limits ; nevertheless, when the body 
remains for some time in a closed chamber to which the air passing 
in and out of the lungs has no access (as when the body is enclosed 
in a large air-tight bag fitting tightly round the neck, or where a 
tube in the trachea carries air to and from the lungs of an animal 
placed in an air-tight box), it is found that the air in the chamber 
loses oxygen and gains carbonic acid. The amount of carbonic acid 
which is thus thrown off by the skin of an average man in 24 hours 
amounts according to Scharling to no more than about 10 grms., 
according to Aubert® to about 4 grms., increasing with a rise of 
temperature, and being very markedly augmented by bodily exercise, 
Regnault and Reiset state that the amount of oxygen consumed is 
about equal in volume to that of carbonic acid given off, but Gerlach^ 

^ Op. cie. * Tetanw, p. 247. 

» Pfluger’B Archiv, vi. (1872) 689, 

^ MuUer»fl Arckiv, 1861, p. 481. 
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makes it rather less. It is evident therefore that the loss which the 
body suffers through the skin consists chiefly of water. 

The thickness of the mammalian or human ei)iclermis must afford a 
great obstruction to any diffusion between the blood in the cutajieous 
capillaries and the external air. It has been suggested that the carbonic 
acid makes its exit in the form of carbonates present in the sweat, and that 
these being decomposed by the acids also present in sweat, their carbonic 
acid is set free. 

When an animal, such as a rabbit, is covered over with an 
impermeable varnish such as gelatine, so that all exit or entrance 
of gases or liquids by the skin is prevented, death shortly ensues. 
This result cannot be due, as was once thought, to arrest of cutaneous 
respiration, seeing how insignificant is the gaseous interchange by the 
skin as compared with that by the lungs. Nor arc the symptoms 
those of asphyxia, but rather of some kind of poisoning, marked by a 
very great fall of temperature, which however docs not seem to be 
tlic result of diminished production of heat, since according to Burdon 
Sanderson it is coincident with an actual increase of the discharge of 
heat from the surface. The animal may be restored, or at all events 
its life may be prolonged with abatement of the symptoms, if the 
great loss of heat which is evidently taking place be prevented by 
covering the body thickly with cotton wool, or keeping t in a warm 
atmosphere. The symptoms have not as yet been clearly analysed, 
but they seem to be due in part to a pyrexia possibly caused by the 
retention within or reabsorption into the blood of some of the con- 
stituents of the sweat, or by the products of some abnormal metabo- 
lism, and in part to a dilation of the cutaneous vessels which 
causes an abnormally large radiation of heat, even through the 
varnish. 

According to Rohrig* the injunction of fresh filtered human sweat into 
the veins of a rabbit causes pyrexia, and albuminuria, and thus reproduces 
some of the effects of ‘ varnishing.* 

The Secretion of Sweat 

The skin contains, besides the ordinary sudoriparous glands, the 
sebaceous glands, and the special odoriferous glands of the axilla, 
anus, and other re^ons. With regard to the various volatile and 
odoriferous substances peculiar to sweat, and especially with regard to 
those peculiar to the sweat of particular regions of the skin, there 
can be no doubt that these arc secreted by the epithelium of the 
appropriate glands. There can be equally no doubt that the fats 
which come to the surface of the skin from the sebaceous glands arise 
from a metabolism of the cells of those glands. But it is a question, 
and at present an open question, whether the sweat as a whole ii^ 
furnished by the various glands alone, or whether any considerable 

^ Jahrb,/^ Bcdn* i» !•. 
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part of it may not simply transude through the portions of skin 
intervening between the mouths of the glands. That some amount of 
water must pass through the ordinary epidermis seems evident ; but 
on the whole it is probable that the portion which so passes is a small 
fractfon only of the total quantity secreted by the skin ; and 
Erismann^ finds that even the simple evaporation of water is 
much greater through those parts of the skin in which the glands 
are abundant than through those in which they are scanty. 

The nervous mechanism of Perspiration. The secreting ac- 
tivity of the skin, like that of other glands, is accompanied and 
at least aided by vascular dilation. In one of Bernard’s early 
experiments on division of the cervical sympathetic, it was ob- 
served that in the case of the horse, the vascular dilation of 
the face on the side operated on was accompanied by increased 
perspiration. Indeed the connection between the state of the cutane- 
ous blood-vessels and the amount of perspiration is a matter of daily 
observation. When the vessels of the skin are contracted, the 
secretion of the skin is diminished; when they are dilated it becomes 
abundant. And in this way, as we shall later on point out, the tem- 
perature of the body is largely regulated. When the surrounding 
atmosphere is warm, the cutaneous vessels are dilated, the amount 
of sweat secreted is increased, and the consequently augmented 
evaporation tends to cool down the body. On the other hand, 
when the atmosphere is cold, the cutaneous vessels are constricted, 
perspiration is scanty, and less heat is lost to the body by evaporation. 

The analogy with the other secreting organs which we have 
already studied renders it extremely probable that there are special 
nerves directly governing the activity of the sudoriparous glands, 
independent of variations in the vascular supply. Many pathological 
facts point in this direction. The profuse perspiration of the death 
agony, of various crises of disease, and of certain mental emotions, 
the cold sweats occurring in plithisis and other maladies, in all of 
which the skin is anaimic rather than hyperaemic, suggest direct 
nervous action. Moreover, we have direct experimental evidence 
that in the cat and dog profuse perspiration may take place in the 
ball of the foot as the result of stimulation of the sciatic nerve after 
clamping the aorta or crural axtery, or immediately after amputation 
of the leg® ; in these cases, which are q^uite analogous to the experi- 
ments on the submaxillary gland, the increased secretion cannot be 
due to hypersemio. The analogy with the submaxillary gland is 
carried out still further by the fact that (in the cat at least) atropin 
prevents stimulation of the sciatic nerve from causing an increase 
of perspiration in the ball of the foot, though the vascular dilation 
takes place as usual®. When the sciatic nerve on one side has been 

1 Zeitschiift /. Biol, xi. 1. 

‘ Kendal and Luohsinger, Pfiiiger’g Archiv^ xiii. (1876) 212. 

» Luchsinger, ibid, xiv. (1877) S69. 
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divided, the leg on that side frequently does not perspire under cir- 
cumstances which induce perspiration in the rest of the body. In 
cases of injury to spinal nerves, wholly similar phenomena have been 
observed ; and atropin has been used very successfully as a remedy 
for profuse perspiration. The cases where perspiration may 'Easily 
be induced on one side of the face by the introduction of pungent 
substances into the mouth illustrates the manner in which this 
nervous influence over the sudoriparous glands may be brought 
about by reflex action. The whole subject however requires to be 
more fuUy worked out. 

Luchsinger^ has been led by his experiments to believe that (in the cat) 
the perapiratory activity of the lower limbs is dependent on a perspimtory 
centre, situated in the lower dorsal and upper lumbar spinal cord, and 
analogous with a vaso-motor centre. The efferent impulses from this 
centre i)ass through the commimdcating branches of the last two or three 
dorsal and first four lumbar spinal nerves, to the abdominal sympathetic, 
and thence to the sciatic nerve. 


Absorption by the Skin, 

Although under normal circumstances, the skin serves only as 
a channel of loss to the body, there are facts which eem to shew 
that it may, under particular circumstances, be a means of gain. 
Cases are on record where bodies have been ascertained to have 
gained in weight by immersion in a bath, or by exposure to a moist 
atmosphere during a given period, in which no food or drink was 
taken, or to have gained more than the weight of the food or drink 
taken. The gain in such cases must have been due to the absorption 
of water. It is doubtful whether substances in aqueous solution can 
be absorbed by the skin when the epidermis is intact, the evidence 
on this point being contradictory ; but absorption takes place very 
readily from abraded surfaces, and even solid particles rubbed into the 
sound skin may, especially when applied in a fatty vehicle, as e.g, in 
the well-known mercury-o-intment, find their way into the underlying 
lymphatics. 


^ Op, cit. 
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SECRETION BY THE KIDNEYS. 

The epithelium of the kidney, like that of the alimentary canal, is a 
secreting tissue. The protoplasmic cells which line at least a large 
portion of the tuhuU uriniferi elaborate from the blood, in a manner 
which we shall presently discuss, certain substances, and discharge 
them into the channels of the tubules. Besides these distinctly 
active secreting structures, however, the kidney exhibits in its 
Malpighian bodies an arrangement very analogous to that which 
obtains in the lungs. Just as in the latter the functions of the 
alveolar epithelium are reduced to a minimum, and the entrance 
and egress of the gases of respiration are mainly carried on by 
diffusion, so in the former the epithelium covering the glomeruli 
can have but little secreting activity, and the passage of material 
from the interior of the convoluted blood-vessels into the cavities 
of the tubules must be chiefly a matter of simple filtration. What 
substances pass in this way, and what substances are secreted by the 
direct action of the epithelium of the secreting tubules, we shall 
shortly consider. The various substances passing in either the one 
or the other way, in company with a large amount of water, into the 
ducts of the gland, constitute the secretion called urine. And since 
none of the substances so thrown out are of any further use in the 
economy, but are at once carried away, urine is generally spoken of 
as an excretion. 


Sec. 1. Composition of Urine. 

The healthy urine of man is a clear yellowish fluorescent fluid, of 
a peculiar odour, saline taste, and acid reaction, having a mean specific 
gravity of 1*020, and generally holding in suspension a little mucus. 
The normal constituents may be arranged in several classes. 

1. Water. 

2. Inorg^anic salts. These for the most part exist in urine in 
natural solution, the composition of the ash almost exactly cor- 
responding with the results of the direct analysis of the fluid; m 
this respect urine contrasts forcibly with blood, the ash of which 
is largely composed of inorganic substances, which previous to 
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the combustion existed in peculiar combination with proteid and 
other complex bodies. In the ash of urine there is rather more 
sulphur than coiTesponds to the sulphuric acid directly determined ; 
this indicates the existence in urine of some sulphur-holding com- 
plex body. And there are traces of iron, pointing to some similar 
iron-holding substance. But otherwise, all the substances found in 
the ash exist as salts in the natural fluid. The most abundant and 
important is sodium chloride. There are found in smaller quantities, 
calcium chloride, potassium and sodium sulphates, sodium, calcium 
and magnesium phosphates, with traces of silicates. Alkaline car- 
bonates are frequently found, and nitrates in small quantity are also 
said to be sometimes present. 

The phosphates are derived partly from the phosphates taken as 
such in food, partly from the phosphates peculiarly associated with 
the proteids, and partly from the phosphorus of lecithin and its 
allies. When urine becomes alkaline, the calcic and magnesic 
phosphates are precipitated, the sodium phosphates remaining in 
solution. The sulphates are derived partly from the sulphates 
taken as such in food and partly from the sulphur of the pro- 
teids. The carbonates, when occurring in large quantity, generally 
have their origin in the oxidation of such salts as citrates, tartrates, 
&c. The bases present depend largely on the nature of the food taken. 
Thus with a vegetable diet, the excess of the alkalis in the food 
reappears in the urine ; with an animal diet, the earthy bases in a 
similar way come to the front. 

3. Nitrogenous crystalline bodies^ derivatives of the metabo- 
lism of the proteids of the body and food. First and foremost come 
urea and its immediate ally, uric acid. These will be considered in 
detail hereafter ; they are the typical products of the metabolism of 
proteids. Existing in much smaller quantities are a number of 
bodies more or less closely related to urea, which may for the most 
part be regarded as less-completely oxidised products of metabolism. 
Such are : kreatinin, xanthin, hypoxanthin, and occasionally allan- 
toin. To these may be added hippuric acid, ammonium oxalurate, 
and, at times, taurin, cystin, leucin, and ty rosin. These too 
we shall have to consider in dealing with ‘the metabolism of the 
body. 

4. Non-nitrogenons bodies. These exist in very small quan- 
tities, and many of them are probably of uncertain occurrence. 
They are organic acids, such as lactic, succinic, formic, oxalic, phe- 
nylic, &c. It has been maintained that minute quantities of sugar 
are invariably present in even healthy urine ; this however has not 
as yet been placed beyond all doubt. 

6. Figments. These are at present very imperfectly under- 
stood. "Aether the natural yellow colour of urine be due to a 
single pigment, the uroohrorae of Thudichum, or to paore than one, 
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and what is the exact nature of those pigments, must be left un- 
decided. As was stated above (p. 30), the urine frequently contains 
urobilin ; and the peculiar red colour of some rheumatic urines is due 
to the presence of a body called by Prout purpurin and by Heller 
uroerytkrin. The urine of man and of many animals, especially of 
the dog, contains indican, which under certain circumstances may 
give rise to the production of indigo-blue. 

6. Other bodies* Urine treated with many times its volume 
of alcohol gives a precipitate. In this precipitate is found a body, 
giving proteid reactions ; and an aqueous solution of the precipitate 
is both amylolytic and proteolytic, i.e. appears to contain some of 
both the salivary (pancreatic) ferment and pepsin, 

7. Gases. Those gases which can be extracted from urine by 
the mercurial pump are chiefly nitrogen and carbonic acid, oxygen 
occurring in very small quantities or being wholly absent. 

The quantities in which these multifarious constituents are pre- 
sent vary within very wide limits, being dependent on the nature of 
the food taken, and on the circumstances of the body. These points 
will be considered in the succeeding chapter. What may be called 
the average composition of human urine is shewn in the following 
table. 

AMOUNTS OF THE SEVEBAL UBTNABY CONSTITUENTS PASSED IN 
TWENTY-FOUB HOUBS. (Atteb Paekeb). 



By an average 

Per 1 Mlo 


man of 66 Mlos. 

of Body Weight, 

Water 1500 000 grammes 

23 0000 grammes 

Total Solids 

72-000 

1-100 

Urea 

33180 

•5000 

Uric Acid 

•555 

•0084 

Hippuric Acid 

•400 

•0060 

Kreatinin 

•910 

•0140 

Pigment, and 
other substances 

10000 

•1510 

Sulphuric Acid 

2012 

•0305 

Phosphoric Acid 

3riG4 

•0480 

Chlorine 

7-000 (8-21) 

•1260 

Ammonia 

•770 


Potassium 

2-500 


Sodium 

11-090 


Calcium 

•260 


Magnesium 

•207 



Acidity of Urine. The healthy urine of man is acid, the 
amount of acidity being about equivalent to 2 grms. of oxalic 
acid in twenty-four hours. It is due to the presence of acid sodium 
phosphate, the absence of free acid being shewn by the fact that 
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sodium hyposulphite gives no precipitate. The amount of acidity 
varies much during the twenty-four hours, being in an inverse ratio 
to the amount of acid secreted by the stomach ; thus it decreases 
after food is taken, and increases as g^trjc digestion becomes com- 
plete, It varies with the nature of the food ; with a vegetable diet 
the excess of alkalis secreted leads to alk^inity, or at leadt to 
diminished acidity, whereas this effect is wanting with an animal 
diet, in which the earthy bases preponderate. Hence the urine of 
carnivora is generally very acid, while that of herbivora is alkaline. 
The latter, when fasting, are for the time being carnivorous, living 
entirely on their own bodies, and hence their urine becomes under 
these circumstances acid. 

The natural acidity increases for some time after the urine has 
been discharged, owing to the formation of fresh acid, apparently 
by some kind of fermentation. This increase of acid frequently 
causes a precipitation of urates, which the previous acidity has 
been insufficient to throw down. After a while however the acid 
reaction gives way to alkalinity. This is caused by a conversion 
of the urea into ammonium carbonate through the agency of a 
specific ferment. This ferment as a general rule does not make its 
appearance except in urine exposed to the air; it is only in un- 
healthy conditions that the fermentation lakes place within the 
bladder. 

Abnormal constituents of Urine. The structural elements 
found in the urine under various circumstances are blood, pus and 
mucus corpuscles, epithelium from the bladder and kidney, and 
spermatozoa. Serum-albumin, fibrin (frequently as ‘ casts ’), alkali- 
albumin, globulin, a peculiar form of albumin, (discovered by Bence- 
Jones in moUities ossium, characterised by being soluble at high 
temperatures, and re-discovered by Kuhne as a product of digestion), 
fats, cholesterin, sugar, leucin, tyrosin, oxalic acid, bile acids and 
bile pigment, may be enumerated as the most important metabolic 
products abnormally present in urine. Besides these the urine 
serves as the chief channel of elimination for various bodies, not 
proper constituents of food, which may happen to have been taken 
into the system. Thus various minerals, alkaloids, salts, pigmentary 
and odoriferous matters, may be passed unchanged. Many substances 
thus occasionally taken suffer changes in passing through the body ; 
the most important of these will be considered in a succeeding 
chapter. 


Sec. 2. The Seceetion of Ueine. 

We have already called attention to the fact that the kidney, 
unlike the other secreting organs which we have hitherto studied, 
consists of two distinct parts: of an actively secreting part, the 
epithelium of the secreting tubules, and of what may be called a 
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filtering part, the Malpighian "bodies. Corresponding to this double 
structure we find that, of the various urinaiy constituents enumerated 
in the preceding section, some, such as sodium chloride, are known to 
be present in the blood, independently of any activity of the kidney, 
while of others, such as urea, it is probable that their occurrence in the 
blood is in part the result of some previous renal action, or at least it 
is not certain that this is not the case. The former we may fairly 
suppose to be simply filtered through the renal glomeruli ; the latter 
we may regard provisionally as the products of the activity of the 
renal epithelium. Since the passage of fluids and dissolved sub- 
stances through membranes is in large part directly dependent on 
j)rcssurc, the extent and rapidity of that part of the whole process of 
the secretion of urine which is a mere filtration, will be directly 
affected by the amount of arterial pressure in the renal arteries, 
while the effect of variations of arterial pressure on that part of the 
process which is a real active secretion, will be an indirect one only. 
Since, then, the discharge of urine by the kidneys must be in large 
measure a mere matter of pressure, much more so than is the case 
with the secretion of saliva or of gastric juice, it will be more 
convenient to study the relations of urinary secretion to blood- 
pressure before we enter upon the discussion of the active secretion 
itself. 

The relation of the Secretion of Urine to Arterial Pressure. 

The circumstance to which we have to direct our attention is 
the extent of pressure present in the renal capillaries, and in the 
glomeruli. The more the pressure of the blood in these exceeds 
the pressure of the fluid in the channels of the uriniferous tubules, 
the more rapid and extensive will be the filtration from the one into 
the other. 

This local capillary blood-pressure may bo increased — 

1. By an increase of the general blood-pressure, brought about — 
(a) by an increased force, frequency, &c. of the heart’s beat, (6) by the 
constriction of the small arteries supplying areas other than the 
kidney itself. 

2. By a relaxation of the renal artery, which, as we have pre- 
viously pointed out (p. 169), while diminishing the pressure in the 
artery itself, increases the pressure in the capillaries and small veins 
which it supplies. It need hardly bo added that this local relaxation 
must either be accompanied by constriction in other vascular areas, 
or at all events must not be accompanied by a sufliciently com- 
pensating dilation elsewhere. 

The local capillary pressure may similarly be diminished— 

1. By a constriction of the renal artery, which, while increasing 
the pressure on the cardiac side of the artery^ diminishes the pressure 

F. P. 21 
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in the capillaries and reins which are supplied by the artery. This 
again mtist either be accompanied by dilation in other vascular 
areas, or at least not accompanied by a compensating constriction. 

2. By a lowering of the general blood-pressure, brought about — 
(a) by diminished force &c. of the heart’s beat, (6) by a general 
dilation of the small arteries of the body at large, or by a dilation 
of vascular areas other than the kidneys. 

Bearing these facts in mind, it becomes easy to explain many of 
the instances in which an increase or diminution of urine is produced 
by natural or artificial means. Thus section of the spinal cord 
below the medulla causes a great diminution, and indeed in most 
cases a complete or almost complete arrest of the secretion of urine. 
In this case the vascular areas of the body at large are cut off from 
their vaso-motor centre; as a consequence general vascular dilation 
ensues, with a great fall of the general blood-pressure. Although 
the renal arteries suffer with the rest in this dilation, yet since they 
form but a small fraction of the whole arterial system, the general 
dilation causes a diminished flow through them ; and when the 
general blood-pressure falls sufficiently low (below 30 mm. mercury in 
the dog) the secretion of urine is totally arrested. 

Stimulation of the spinal cord below the medulla, though acting 
in the converse direction, brings about the same resul , arrest of the 
secretion. By the stimulation the action of the vaso-motor nerves is 
augmented, and constriction of the renal arteries as well as of other 
arteries in the body is brought about. The increase of general blood- 
pressure thus produced is insufficient to compensate for the increased 
resistance in the renal arteries; and as a consequence the flow of 
blood into the glomeruli is largely reduced. Indeed on inspection 
the kidneys are seen during the stimulation to become pale and 
bloodless. 

Section of the renal nerves is followed by a most copious 
secretion, by what has been called hydruria or polyuria, the urine 
at the same time frequently becoming albuminous. The section of 
the nerves, by interrupting the vaso-motor tracts, leads to dilation 
of the renal arteries, and this to increased capillary pressure. If 
after section of the renal nerves the cord be divided below the 
medulla, the polyuria disappears; for the diminution of general 
blood-pressure thus produced more than compensates for the special 
dilation of the renal arteries. Conversely, if after section of the 
renal nerves the cord be stimulated, the flow of urine is still further 
increased, since the rise of general blood-pressure due to the general 
arterial constriction caused by the stimulation tends to throw still 
more blood into the renal arteries, on which, owing to the division 
of their nerves, the spinal stimulation is powerless. 

Section of the splanchnic nerves, along which apparently the 
vaso-motor tracts from the spinal cord to the kidneys run, produces 
also an increased flow of urine. But the augmentation in this case is 
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smaller and less certain than in the case of section of the renal 
nerves themselves, since the splanchnic nerves govern the whole 
splanchnic area, and hence a large portion of the increased supply of 
blood is diverted from the kidney to other abdominal organs. Con- 
versely, stimulation of the splanchnic nerves arrests the flow of urine 
by producing constriction of the renal arteries. 

We shall have occasion in the succeeding chapter to call attention 
to the fact that puncture of the fourth ventricle, or mechanical 
irritation of the first thoracic ganglion, gives rise to the appearance of 
a large quantity of sugar in the urine, and at the same time causes a 
more copious flow of that fluid; the condition of body thus brought 
about is known as artificial diabetes. The presence of the sugar 
is not the whole cause of the increased flow, for the operation, or a 
similar injury to certain parts of the cerebellum^ may give rise to an 
excessive secretion of urine without any sugar being present. It is 
probable, but not as yet clearly proved, that the increase of urine is 
due to dilation of the renal arteries; and this view is supported 
by the fact that the increase is temporarily prevented (as is also 
a similar diabetic increase of flow in carbonic-oxide poisoning) by 
stimulation of the splanchnic nerves. 

Irritiition of the centml end of the vagus causes an increased flow of 
urine. This may bo explained by supposing that the afferent impulses 
ascending the vagus inhibit that part of the vaso-motor centre which 
governs tlie renal arteries, and so produce dilation of those arteries. 
Possibly at the same time, as in the case of the rabbit’s ear (p. 163), some 
amount of general constriction is brought about. 

There are several diuretic drugs, whose action seems intimately connected 
with blood-pressure, though the phenomena to which they give rise cannot 
at present be completely explained. Thus when a large dose of digitalis 
is given, the general blood-pressure at first rapidly increases and the flow 
of urine is primarily diminished or even arrested. The increase of pressure 
seems to be due partly to an increase in the heart’s beat, but chiefly to an 
increase in the peripheral resistance, i. e, to arterial constriction. Since the 
aiTest of flow is seen to take place quite as readily in a kidney whose 
nerves have been divided as in one whose nerves have been left intact, it 
is evident that the digitalis must cause arterial constriction by acting not 
on the general vaso-motor centre or not on that alone, but on the peripheral 
yaso-motor mechanisms (cf. p. 165). The primary rise of pressure, and 
arrest of secretion, soon gives way to a fall of pressure and a copious flow 
of urine, the increase of secretion beginning first and being most marked 
in the kidney the nerves of which have been cut. The change of pheno- 
mena may be explained by supposing that jbhe primary arterial constriction 
is succeeded by a secondaiy dilation, beginning first and becoming most 
pronounced in the kidney with divided nerves. Whether there are other 
causes at work must be left at the present undecided. 

The experimental phenomena recorded above are thus seen to 
receive a fairly satisfactory explanation when they are referred 

^ Eokhard, BeitrUge, v. (1870) 153 ; vi. 1, 51, 117, 175. 
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exclusively to variations in blood-pressure. And many of the na- 
tural variations in the flow of urine may be interpreted in this way. 
No fact in the animal economy is oftener or more strikingly brought 
homo to us than the correlation of the skin and the kidneys as far 
as their secretions are concerned; and this seems to bo maintained by 
means of the vaso-motor nervous mechanism. Thus when the skin is 
cold, its blood-vessels are, as we know, constricted. This by causing 
an increase of general blood-pressure, accompanied most probably by 
a dilation of the splanchnic vascular area, possibly by a special 
dilation of the renal arteries, must augment the flow through the 
kidneys. Conversely, the dilated condition of the arteries of a warm 
skin, with the consequent diminution of general blood-pressure, ac- 
companied possibly with a corresponding dilation of the splanclinic 
(renal) vascular areas, would give rise to a diminished renal dis- 
charge. The effects of emotions may be explained in a similar way 
as essentially vaso-motor phenomena. 

The increase of urine observable after taking fluids cannot be ex- 
plained by reference to any direct increase of blood-pressiiro due to an 
augmentation of the quantity of blood, for, as we have seen (]>. 174), an 
increase of the quantity of blood docs not raise the genei*al blood -pressure. 
Possibly the introduction of the fluid into the alimentary canal may cause 
a dilation of the splanchnic or renal areas either directly, or indirectly, in 
a reflex manner by the help of the vagi This observat Ha refers of course 
to inert fluids, such as water ; the introduction of various substances in an 
ordinary meal may afiect the flow of urine in other ways to be presently 
stated. 

At the same time it must be remembered that here, as in the 
case of the salivary gland, what appears to be at first sight a simple 
action of vaso-motor nerves may be, after all, a direct action of nerves 
on secreting cells accompanied by an adjuvant but not indispensable 
vaso-motor action. Against such a possibility may be urged the fact 
that as far as we know atropin has no such effect on renal as it has 
on salivary secretion, and the reflection that in the case of urine, 
in distinction to that of saliva, a mere discharge of water from 
the body is one object of the renal mechanism, and this object would 
naturally be gained by the simpler process of filtration through 
blood-pressure, rather than by the more laborious method of active 
secretion. 


Secretion hy the Renal Epithelium, 

So dependent indeed on blood-pressure does the secretion of 
urine appear to be, that many have considered the process to be 
simply and wholly a matter of diffusion, of filtration at a varying 
pressure. Thus the older view of Bowman^ — that the urine consisted 
essentially of two parts, i,e, of the water and the more general consti- 

1 Phil, Tram., }842. 
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tiients which made their way through the glomeruli, and of the dis- 
tinct specific constituents which were discharged by the activity of 
the renal epithelium into the channels of the tubules — gave way very 
largely to the conception of Ludwig and his school, who taught that 
all the urine in a diluted form passed through the glomeruli, and in 
its descent along the tubules underwent nothing more than an appro- 
priate concentration. 

Against such a view might bo urged among other cl priori argu- 
ments tlie fact that, while undoubtedly the great majority of tlie 
urinary constituents readily diffuse, some of them, ex, gr. the pig- 
ments, do not. But we have now no need of a priori arguments, 
since Heidcnhain^ has shewn that, with regard to one substance at 
least, the renal epithelium does exercise a distinct secreting activity, 
independent of and distinct from the relations of blood-pressure. 
Into the veins of animals in which the urinary flow had been ar- 
rested by section of the spinal cord below the medulla, Hcidenhain 
injected the sodium sulj)hindigotate, or so-called indigo-carmine. By 
killing the animals at appropriate times and examining the kidneys 
microscopically and otherwise, he was enabled to ascertain that the 
pigment so injected passed from the blood into the renal epithelium, 
and from thence into the channels of the tubules, where it was preci- 
pitated in a solid form. There being no stream of fluid through the 
tubules, owing to the aiTest of urinary flow by means of the preliminary 
operation, the pigment travelled very little way down the interior of 
the tubules, and remained very much where it was cast out by the 
epithelium cells. There were no traces whatever of the pigment 
having passed by the glomeruli; and the cells which could bo seen 
distinctly to take up and eject it, were those lining such portions of 
the tubules {viz. the so-called secreting tubules, intercalated tubules 
and portions of the loops of Henle) as from their microscopic features 
have been supposed to be the actively secreting portions of the entire 
tubules. By varying the quantity injected and the time which was 
allowed to elapse between tlie injection and subsequent inspection, 
Heidenhain was able to trace the material step by step into the cells, 
out of the cells into the interior of the tubules, and for some little 
distance along the tubules. The advantage of the absence of a large 
flow of urine is obvious; had this been present, the pigment would 
have been rapidly carried off immediately that it issued from the 
colls into the interior of the tubules. One observation he made 
of a peculiarly interesting character. After injecting a certain (juan- 
tity of pigment, and allowing such a time to elapse as he knew from 
previous experiments would suffice for the passage of the material 
through the epithelium to be pretty well completed, he injected a 
second quantity. He found that the excretion of this second quantity 
was most incomplete and imperfect. It seemed as if the cells were 
exhausted hy their previous efforts, jnst as a muscle which has been 
severely tetanized will not respond to a renewed stimulation. 

1 Pfluger’s Archive ix. (1874) 1. 
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As far as indigo-carmine is concerned, then, we are justified in 
speaking of an active though not a formative secretion by means of 
the epithelium, which seems, in thus taking the pigment out of the 
blood and passing it on into the channel of the tubules, to play a 
part not unlike that which we ascribed (p. 247) to the epithelium 
cell of the villus in taking up fat from the intestine and passing it on 
into the lacteal. But indigo-carmine is not a natural constituent of 
the urine, and it would be desirable that the same activity should be 
proved in the case of the natural constituents. On Heidcnhain’s at- 
tempting to do this by the injection of urates, he found, in spite of 
the blood-pressure remaining below the normal, or at least not being 
proportionably increased, that such a copious flow of urine took place 
as swept away the contents of the tubules and so prevented the evi- 
dences of local activity being manifested. Still this very increase of 
flow, and a similar increase seen after the injection of other diuretics 
such as urca\ sodium chloride, potassium nitrate, &c., unaccompanied 
by any corresponding change in blood-pressure, may, until it has been 
otherwise explained, be regarded as at least an indication that the 
epithelium cells have an active share in the secretion of even the 
fluid parts of urine, and that they may bo called into activity by 
substances behaving to them, in some way or other, as chemical 
stimuli. 

Although therefore much yet remains to be bne, before this 
question can be regarded as thoroughly settled; still, leaning on the 
analogy of other glands, we shall probably not err in supposing that 
future researches will be able to demonstrate with exactitude an 
active function of the renal epithelium, and at the same time to 
mark out distinctly the limits and mutual relations of active secretion 
and jjassive mechanical filtration of urine. 

One consideration, of quite secondary importance in the glands 
which have been previously studied, acquires great prominence, when 
the kidney is being studied. In studying the pancreas and gastric 
glands, we concluded without much discussion that the zymogen and 
pepsinogen were formed in the epithelium cells; for no great manu- 
facture of these substances is going on in other parts of the body. 
The kidney however is emphatically an excreting organ: its great 
function is to get rid of substances produced by the activity of other 
tissues; its work is not to form but to eject. There can be no doubt, 
to put forward a strong instance, that with regard to urea it would 
be absurd to suppose that the whole series of changes from the pro- 
teid condition to the urea stage is carried on by the kidney. But 
there still remains the question. Are any of the stages carried on in 
the kidney, and if so what ? Is the secreting activity of the renal 
epithelium confined, as was suggested in our early remarks on secre- 
tion, p. 205, to picking out the already formed urea from the blood ? 
Or does the secreting cell of the tubule receive from the blood some 

1 Ufltimowitsoh, Ludwig’s Arhciten, 1870, p. 199. 
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antecedent of urea, and in the laboratory of its protoplasm convert 
that antecedent of urea into urea itself ? and if so, what is that ante- 
cedent which comes to the kidney in the blood of the renal artery ? 
And so with many other of the urinary constituents. 

In order to complete our study of renal activity, this question 
ought to be considered now ; but for many reasons it will be more 
convenient to defer the matter to the succeeding chapter, in which we 
deal with the metabolic events of the body in gener^ 


Sec. 3. Micturition, 

The urine, like the bile, is secreted continuously; the flow may rise 
and fall, but, in health, never absolutely ceases for any length of time. 
The cessation of renal activity, the so-called suppression of urine, 
entails speedy death. The minute streams passing continuously, now 
more rapidly now more slowly, along the collecting and discharging 
tubules are gathered into the renal pelvis, whence the fluid is carried 
along the ureters by the peristaltic contractions of the muscular walls 
of those channels (see p. 82) into the urinary bladder. When a 
ureter is divided in an animal, and a cannula inserted, the urine may 
be observed to flow from the cannula drop by drop, slowly or rapidly 
according to the rate of secretion. In the urinary bladder, the urine 
is collected, its return into the ureters being prevented by the oblique 
valvular nature of the orifices of those tubes, and its discharge from 
thence in considerable quantities is effected from time to time by a 
somewhat complex muscular mechanism, of the nature and working 
of which the following is a brief account. The involuntary muscular 
fibres forming the greater part of the vesical walls are arranged partly 
in a more or less longitudinal direction forming the so-called detrusor 
urinaj, and partly in a circular manner, the circular fibres being most 
developed round the neck of the bladder and forming there the 
so-called sphincter vesica3. After it has been emptied the bladder 
is contracted and thrown into folds; as the urine gradually collects, 
the bladder becomes more and more distended. The escape of the 
fluid is however prevented by the resistance offered by the elastic 
fibres of the urethra which keep the urethral channel closed. Some 
maintain that the tonic contraction of the sphincter vesicae aids in 
or indeed is the chief cause of this retention. When the bladder has 
become full, we feel the need of making water, the sensation being 
heightened if not caused by the trickling of a few drops of urine from 
the full bladder into the urethra. We are then conscious of an effort; 
during this effort the bladder is thrown into a long continued con- 
traction of an obscurely peristaltic nature, the force of which is more 
than sufficient to overcome the elastic resistance of the urethra, and 
the urine issues in a stream, the sphincter vesicae, if it act as a 
sphincter, being at the same time relaxed after the fashion of the 
sphincter ani. In it^ passage along the urethra, the exit of the urine 
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is forwarded by irregularly rhythmic contractions of the bulbo-caver- 
Bosus or ejaculator urinae muscle, and the whole act is further assisted 
by abdominal pressure exerted by means of the abdominal muscles, 
very much the same as in defecation. 

r 

The continuity of the sphincter vesicae with the rest of the circular 
fibres of the bladder suggests that it probably is not a sphincter, but that its 
use lies in its contracting after the rest of the vesical fibi*es, and thus finish- 
ing the evacuation of the bladder. On the other hand, the fact that the 
neck of the bladder can withstand a pressure of 20 inches of water so long 
as the bladd('r is governed by an intact spinal cord, but a pressure of 6 inches 
only when the lumbar spinal cord is destroyed or the vesical nerves are 
severed, affords very strong evidence in favour of the view that the 
obstiuction at the neck of the bladder to the exit of urine depends on some 
tonic muscular contraction maintained by a reflex or automatic action of 
the lumbar spinal cord. 

Micturition therefore seems at first sight, and especially when we 
appeal to our own consciousness, a purely voluntary act. A voluntary 
effort tlirows the bladder into contractions, an accompanying voluntary 
effort throws the ejaculator and abdominal muscles also into contrac- 
tions, and the resistance of the urethra being thereby overcome the 
exit of the urine naturally follows. If wo adopt the view of a sphinc- 
ter vesicae, we have to add to the above simple statement the sup- 
position that the will’, while causing the detrusor unna^ to contract, 
at the same time lessens the tone of the si)hincter, probably by inhi- 
biting its centre in the lumbar cord. 

There arc two facts however which prevent the acceptance of so 
simple a view. In the first place Goltz^ has shewn that quite normal 
micturition may take place in a dog in which the lumbar region of 
the spinal cord has been completely separated by section from the 
dorsal region. In such a case there can be no exercise of volition, 
and the whole process appears as a reflex action. When the bladder 
is full (and otherwise apparently under the circumstances the act 
fails) any slight stimulus, such as sponging the anus or slight pressure 
on the abdominal walls, causes a complete act of micturition ; the 
bladder is entirely emptied, and the stream of urine towards the end 
of the act undergoes rhythmical augmentations due to contractions 
of the ejaculator urinae. These facts can only be interpreted on the 
view that there exists in the lumbar cord (of the dog) a micturition 
centre capable of being thrown into action by appropriate afferent 
impulses, the action of the centre being such as to cause a contraction 
of the walls of the bladder and of the ejaculator urinoe, and possibly 
at the same time to suspend the tone of the sphincter vesicae. Simi- 
lar instances of reflex micturition have been obseiwed in cases of 
paralysis from disease or injury of the spinal cord ; and involuntary 
micturition is common in children, as the result of irritation of the 
pelvis and genital organs, or of emotions. In the adult too, as 

1 Pfliiger’s Archive vin. (1874) 474. 
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Shylock has informed us, emotions, or at least sensory impressions, 
may in a reflex manner be the cause of micturition. In such cases 
■we may fairly suppose that the centre in the lumbar cord is af- 
fected by afferent impulses descending from the brain. And this 
leads us to the conception that when we make water by a conscious 
effort of the will, what occurs is not a direct action of the will on the 
muscular walls of the bladder, but that impulses started by tlie will 
descend from the brain after the fashion of afferent impulses and thus 
in a reflex manner throw into action the micturition centre in the 
lumbar spinal cord. Nor is this view negatived by the fact that 
paralysis of the bladder, or rather inability to- make water either 
voluntarily or in a reflex manner, is a common symptom of spinal 
disease or injury. Putting aside the cases in which the reflex act is 
not called forth because the appropriate stimulus has not been ap- 
plied, the failure in micturition under these circumstances may be 
explained by supposing that the shock of the spinal injury or some 
extension of the disease has rendered the lumbar centre unable to 
act. 

In the second place, in cases of urethral obstruction, where the 
bladder cannot be emptied when it reaches its accustomed fulness, 
the increasing distension sets up fruitless but powerful contractions 
of the vesical walls, contractions which are clearly involuntary in 
nature, which wane or disappear, and return again and again in a 
completely rhythmic manner, and which may be so strong and 
powerful as to cause groat suffering. It seems that fibres of 
the bladder, like all other muscular flbres, have their contractions 
augmented in proportion as they are subjected to tension (sec p. 69). 
Just as a previously quiescent ventricle of a frog’s heart may bo 
excited to a rhythmic beat by distending its cavity with blood, so the 
quiescent bladder is excited, by the distension of its cavity, to a 
peristaltic action which in normal cases is never carried beyond a first 
effort, since with that the bladder is emptied and the stimulus is 
removed, but in cases of obstruction is enabled clearly to manifest its 
rhythmic nature. 

The so-called incontinence of urine in children is in reality an 
easily excited and frequently repeated reflex micturition. In cases of 
spinal disease another form of incontinence is common. The bladder 
becoming full, but, owing to a failure in the mechanism of voluntary 
or reflex micturition, being unable to empty itself by a complete 
contraction, a continual dribbling of urine takes place through the 
urethra, the fulness of the bladder being sufficient to overcome the 
elastic resistance, or the tone of the sphincter suffering from the 
spinal affection and becoming permanently inhibited. 

The latter view seems improbable, and there is no Rati«<factory evidence 
that intrinsic contractions of the bladder do not occur in these cases. 



CHAPTEE V. 


THE METABOLIC PHENOMENA OF THE BODY. 


We have followed the food through its changes in the alimentary 
canal, and seen it enter into the blood, cither directly or by the 
intermediate channel of the chyle, in the form of peptone (or other- 
wise modified albumin), sugar (lactic acid), and fats, accompanied 
by various salts. We have further seen that the waste products 
which leave the body are urea, carbonic acid and salts. We have 
now to attempt to connect together the food and the waste products ; 
to trace out as far as we are able the various steps by which the one 
is transformed into the other, and to inquire into the manner in which 
the energy set free in this transformation is distributed and made 
use of. 

The master tissues of the body are the muscular and nervous 
tissues; all the other tissues maybe regarded as the servants of these. 
And we may fairly presume that besides the digestive and excretory 
tissues which we have already studied, many parts of the body arc en- 
gaged either in further elaborating the comparatively raw food which 
enters the blood, in order that it may be assimilated with the least 
possible labour by the master tissues, or in so modifying the waste 
products which arise from the activity of the master tissues that they 
may be removed from the body as speedily as possible. There can 
be no doubt that manifold intermediate changes of this kind do take 
place in the body; but our knowledge of the matter is at present 
very imperfect. In one or two instances only can we localize these 
metabolic actions and speak of distinct metabolic tissues. In the 
majority of cases we can only trace out or infer chemical changes 
without being able to say more than that they do take place some- 
where; and in consequence, perhaps somewhat loosely, speak of them 
as taking place in the blood. 


Sec. 1. Metabolic Tissues. 

The History of Glycogen, 

The best-known and most carefully studied example of metabolic 
activity is the formation of glycogen in the hepatic cells. 
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Claude Bernards in studying the history of sugar in the economy, 
was led to compare the relative quantities of sugar in the portal and 
hepatic veins, expecting to find that the sugar possibly diminished in 
the passage of the blood through the liver; he was astonished to 
discover that, on the contrary, the quantity was vastly increased. Hci 
found, and anyone can make the observation, that when an animal 
living under ordinary conditions is killed, not only does the hepatic 
blood contain a considerable amount of sugar, even when there 
is little or none in the portal blood, but that an aqueous infusion of 
the liver is rich in sugar (grape-sugar). Not only so, but the sugar 
continues to be present in the liver when all blood has been washed 
out of the organ by a stream of water driven through the portal vein, 
and goes on increasing in amount for some hours after death. Only 
one interpretation of these facts is possible; so far from the liver 
destroying or converting the siigar brought to it by the portal vein, 
it is clearly a source of sugar ; the hepatic tissue evidently contains 
some substance capable of giving rise to the presence of sugar. 
Bernard further found that when the liver was removed from the 
body immediately after death, and, after being divided into small 
pieces, was thrown into boiling water, the infusion or decoction con- 
tained very little sugar, and that the small quantity which was present 
did not increase even when the decoction was allowed to stand for 
some time. The decoction, however, w'as peculiarly opalescent, in- 
deed milky in appearance; whereas the decoction of a liver which 
had been allowed to remain exposed to warmth for some time after 
death, before being boiled, and which accordingly contained a large 
amount of sugar, was quite clear. On adding saliva, or other amy- 
lolytic ferment, to the opalescent, sugarless or nearly sugarlcss, de- 
coction and exposing it to a gentle warmth (35^ — 40*^), the opalescence 
disappeared; the fluid became clear, and was then found to contain 
a considerable quantity of sugar, the sugar thus formed being identical 
with ordinary grape-sugar. Here again the explanation was obvious. 
The opalescence of the decoction of boiled liver is due to the presence 
of a body which is capable of being converted by the action of a fer- 
ment into grape-sugar, and is therefore of the nature of starch. At the 
moment of death the liver must contain a considerable quantity of this 
substance, which after death becomes gradually converted into sugar, 
apparently through the action of some amylolytic ferment present in 
the liver itself or retained within the hepatic vessels. Hence the 
post-mortem appearance of a continually increasing quantity of sugar. 
By precipitating the opalescent decoction with alcohol, by boiling 
the precipitate with alcohol containing potash, whereby the proteid 
impurities clinging to it were destroyed, and by removing adherent 
fats by ether, Bernard was able to obtain this sugar-producing or 
glycogenic substance in a pure state as a white amorphous powder, 
with a composition of CaHj^O^, and therefore evidently a starch. 


^ Nouv, Fonct, du Foie, 1853, 



332 


GLYCOGEN. 


[Book ii. 


Its most striking differences from starch were that it gave a deep red 
and not a blue colour with iodine, and that it dissolved in water 
forming a milky fluid. He gave to it the name of glycogen. 

Since Bernard’s discovery glycogen has been recognised as a 
normal constituent, variable in quantity, of hepatic tissue both in 
vertebrate and invertebrate animals. That it is present in the 
hepatic cells, and not simply contained in the hepatic blood, is shewn 
by the fact that it remains in the liver after all blood has been 
washed out of that organ. It has also been found in the placenta, in 
muscle, white corpuscles, testes, brain, and in other situations ; the 
tissues of the embryo at an early stage, especially before the liver has 
become functionally active, are particularly rich in it. 

Origin of the hepatic Glycogen, Bernard found glycogen to 
be present in the livers of dogs which had been fed exclusively on 
meat ; and was accordingly inclined at first to the opinion that the 
glycogen in the liver was unconnected with the carbohydrates 
taken as food and derived exclusively from the proteids, that its 
presence in fact indicattal the manufacture of non-nitrogenous out of 
]iitrogenous material. Flesh, however, especially that of the horse 
(so frequently used as food for dogs), contains glycogen, or at least 
sugar, and this might serve as tlie source of the glycogen in the liver 
of the flesh-fed dogs. Subsequent and more exact inqt irics have led 
to the following results. 

When food is withheld from an animal, the glycogen in the liver 
diminishes, rapidly at first, but more slowly afterwards. Even after 
some days’ starvation a small quantity is frequently still found ; 
but in rabbits, at all events, the whole may eventually disappear. 
A diet of fibrin with fat and a little salt does not appreciably increase 
the amount beyond that found in total abstinence. All observers 
agree that fat alone does not produce any increase. A meat diet 
does produce a certain amount. Cereals increase the amount con- 
siderably, but the greatest and most rapid augmentation is cfF(^cted 
by sugar or starch, and it would seem especially by sugar \ Thus 
in hens the percentage of glycogen reckoned for the wet liver was, 
after two days’ starvation, *5, after a diet of fibrin and fat *38, after 
meat 1*06, after barley 3*62, after sugar with fibrin 9*26, the diet 
in each case being administered for two days. Similar results have 
been gained on rabbits and rats ; and though perhaps a distinction 
has not been drawn with sufficient accuracy between carnivorous 
and herbivorous animals, they may bo taken as holding good for 
animals of all kinds. Dock found that when an animal (rabbit) 
was starved until the glycogen had wholly disappeared, the intro- 
duction of sugar into the alimentary canal gave rise to the presence 
of glycogen in the liver within a few hours, whereas water or proteids 

1 MacDonnell, l!^aX. UUt Hcv, 1863, p. 641. Tsekerinoff, MoleBchott’s Untermch. 
X. (1870) 226. Dock, PflUger’s Archiv^ v. (1872) 71. Mering, Pliugor’s Archiv^ xiv. 
(1877) 274. Cf. also Payy on Diabetes, 
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had no such eflfect. All observers, in fact, are agreed that the pre- 
sence of glycogen in any considerable quantity in the liver is more 
directly influenced by saccharine or amylaceous than by any other 
kind of food. 

J’hc question then arises, Is the accumulation of glycogen in tlie 
liver caused by the sugar which reaches the liver through the blood 
becoming directly reconverted into the starch-like glycogen and 
deposited in the hepatic cells; or, has the hepatic glycogen quite 
a (liflFerent origin, being formed in the hepatic cells out of the breaking 
up of their protoplasm, and being carried thence and consumed in 
some way or other as the needs of the economy for carbohydrate 
material demand, so that the excess which appears in the liver after 
an amylaceous diet is due to the fact that the carbohydrates taken 
as food cover the necessary expenditure and prevent any demand 
being made on tlie hepatic store ? The answer to these questions 
must depend on the answer to another question, What becomes of 
the hepatic glycogen during life ? Is it reconverted little by little 
into sugar which, passing into the blood of the hepatic veins, is 
oxidized or otherwise made use of, or is it in the hepatic cells con- 
verted into some more complex substance, it may be fat or some 
other body ? 

Fate of the hepatic Glycogen. The view that glycogen is con- 
verted into fat is based chiefly on the fact, that, as we shall see later 
on, the carbohydrates of the food are undoubtedly, in some way or 
other, a source of the fat of the body, that a large quantity, fre- 
(piently a very largo quantity, of fat is found in the hepatic cells, 
and that the quantity of fat present seems to be increased by such 
diets as naturally increase the glycogen in the liver. But we shall 
have occasion to point out that the direct conversion of carbohydrates 
into fat is at least disputed ; and no one has yet been able even to 
suggest the way in which glycogen could be converted into fat. 
Indeed the discussion as to the fate of the hepatic glycogen has been 
made to turn chiefly on the (juestion, whether normally, during life, 
there is evidence of the reconversion of the glycogen into sugar, 
whether the blood of the hepatic vein contains in life more sugar 
than that of the portal vein. Pavy was the first to point out that 
the blood in the hepatic vein, if care be taken to keep the animal 
in a perfectly normal condition, contains no more sugar than docs the 
blood of the right auricle or of the portal vein, and indeed that the 
liver itself, if examined before any post-mortem changes have had 
time to dcvelope themselves, is free from sugar ; in this he has been 
supported by Tscherinoff, and others. Some observers, on the 
contrary, support the old opinion of Bernard, that the liver does 
normally discharge a certain quantity of sugar into the hepatic veins. 
In jirescnce of the conflicting evidence, we shall not go far wrong 
in assuming that this older view is not as yet clearly disproved \ 

^ Cf. Bernard, Lemons 8ur le Lidblte^ 1877. 
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The matter is probably one which cannot be settled by this method. 
The quantitative determination of sugar in blood is open to many sources 
of error. When the quantity of blood which is continually flowing through 
the liver is taken under consideration, it is obvious that an amount of 
sugar, which in the specimen of blood taken for examination fell within 
the limits of errors of observation, might when multiplied by the whole 
quantity of blood, and by the number of times the blood passed through 
the liver in a certain time, reach dimensions quite sufficient to account for 
the conversion into sugar of the whole of the glycogen present in the liver 
at any given time. Normal hepatic blood was obtained by Pavy, by means 
of an ingenious catheterisation. He introduced through the jugular vein, 
into the superior, and so into the inferior vena cava, a long catheter, 
constructed in such a manner that he could at pleasui*e plug up the vena 
cava below the emboucliement of the hepatic veins, and draw blood exclu- 
sively from the latter; or vice versa. 

If however we admit that the liver is either continually or at 
intervals reconverting its glycogen into sugar, we are led to the con- 
clusion that the hepatic glycogen is in fact a reserve store of carbo- 
hydrate material. And we can accept this conclusion without being 
able to say definitely what becomes of the sugar thus thrown into the 
hepatic blood. We have already (p. 28G) urged the difficulties which 
are occasioned by the view that sugar is oxidized in the blood, since 
we have no proof that the blood can oxidize sugar. S’vch evidence as 
we have has a contrary tendency. We may indeed suppose that the 
sugar is converted into lactic acid, and that lactates are directly 
oxidized in the blood ; but we have no positive proof that any such 
oxidation does or can take place. 

The fact that the amount of sugar in shed blood appears to diminish 
gradually when the blood is allowed to stand for some time^ is not a 
sufficient arg\imcnt that sugar is oxidized by the circulating blood®. 

On the other hand, there are theoretical reasons supporting 
the view that a certain average composition is necessary for that 
great internal medium the blood, in order that the several tissues 
may thrive upon it to the best advantage, one clement of that 
composition being a certain percentage of sugar. We may sup- 
pose that all or several of the tissues are continually drawing upon 
the blood for sugar, and that hence a certain supply must be kept up 
to meet this demand : we may imagine, for instance, that muscle is 
continually, or from time to time, needing sugar to build up the 
contractile material. Hence, when sugar is present in the blood 
beyond what is needed, the excess is cast out of the body by the 
kidneys, except that which, passing by the portal vein, becomes con- 
verted into glycogen ; and, as a matter of fact, we know that more 
sugar can be injected into the portal than into the jugular vein 
before it reappears in the urine. When, again, the sugar in the blood 

' Bernard, op, cit, Pary, Proc. Iloy, Soe. xm. (1877) p. 846. 

* Cf. Hoppe-Seyler, Pflilger’e Archive vii. (1873) p. 399. 
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is deficient, the lack is at once supplied by a conversion of the hepatic 
glycogen. Moreover, this view, that the glycogen of the liver is a 
reserve fund of carbohydrate material, is strongly supported by the 
analogy of the migration of starch in the vegetable kingdom. We 
know that the starch of the leaves of a plant, whether itself having 
passed through a glucose stage or not, is normally converted into 
sugar, and carried down to the roots or other parts, where it fre- 
quently becomes once more changed back again into starch. And 
when we consider that at every meal an excess of carbohydrates is 
thrown into the system, far more than is needed for the time being, 
and yet not more than will be needed before the next meal, it appears 
only natural that this excess should be at once, and without much 
labour, laid up as a store of carbohydrate material, upon which the 
economy can make a call as occasion demands. And this suggestion 
is supported by the fact that whereas the glycogen of the liver varies 
much according to the food taken, that present in the muscles is 
fairly constant ; indeed glycogen may still bo found in the muscles 
when it has wholly disappeared from the liver. We may infer from 
this that the glycogen in the muscle is, so to speak, functional ma- 
terial, e. material about to he used up in the metabolism attendant 
on muscular contraction, while that in the liver has no such purpose, 
but is simply laid by for the future use either of muscles or of other 
tissues. But if we entertain the view that the hepatic glycogen is 
simply store glycogen, waiting to be converted into sugar little by 
little as the needs of the economy demand, and not glycogen on its 
way to take part, through the agency of the hepatic protoplasm, in 
the formation of some more complex compound, there is no difficulty 
in supposing that the glycogen which makes its appearance in the 
liver ^ter an amylaceous meal, arises from a direct conversion 
of the grape-sugar carried to the liver by the portal vein, the 
sugar becoming through some action of the hepatic protoplasm 
dehydrated into starch, just as in the alimentary canal starch is 
hydrated into sugar by the action of the salivary and pancreatic 
ferments. Vegetable protoplasm can undoubtedly convert both starch 
into sugar and sugar into starch ; and there are no d priori argu- 
ments or positive facts which would lead us to suppose that the 
activity of animal protoplasm cannot accomplish the latter as well 
as the former of these changes. At the same time it must be re- 
membered that this view does not preclude the possibility of glyco- 
gen, in the absence of a supply of sugar from the portal blood, being 
formed in other ways. 

It has been stated^ that glycerine introduced into the alimentary canal 
gives rise to an increase of glycogen in the liver; this, if true, shews 
undoubtedly that hepatic glycogen may be formed in other ways than by 
the direct dehydration of sugar. Milk-sugar, and inulin also, produce 

^ Weiss, Wiener Sitzungsherichte^ Bd. 67. Luchsinger, Pdugcr’s Archiv^ viii. (1874) 
286. 
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an increase of Hepatic glycogen, the glycogen so appearing haring all 
the normal characters. It is difficult to suppose that glycerine can be 
directly converted into glycogen ; and we are led to suspect, that in this 
case, the glycerine, by becoming oxidized, causes a saving in the expendi- 
ture of carbohydrate material, and thus indirectly leads to an accumulation 
of glycogen. But this view is opposed by the fact that lactic acid, to which 
we should readily turn as being eminently oxidizable, and therefore emi- 
nently calculated to save carbohydrate expenditure, does not lead to any 
similar storing up of glycogen. And Luchsingcr^ states that glycerine in- 
jected in considerable quantities under the skin, and absorbed fi*om the 
subcutaneous tissue, leads to no increase of glycogen; so that the glycogen 
which appears in the liver when glycerine is introduced into the alimentary 
canal would seem to come from some conversion of the glycerine as it 
reaches the hepatic cells by the portal blood ; difficult as any chemical 
conception of that conversion may be. 

The sbitements with regaixl to the glycogenic influence of gelatine are 
conflicting*. The balance of evidence is perhaps in favour of glycogen being 
stored up in the liv('r as the result of a diet of pure gelatine. This would 
indicate a ti-ansformatioii into glycogen of the non-nitrogcnous moiety 
resulting from that splitting up of gelatine of which wo shall have to speak 
later on. 

The question may be asked, How is it possible for the glycogen, 
which at the temperature of the body is so readily converted into 
sugar by the action of ferments, to remain as glycogen i ' the pre- 
sence of the ferment which, as we know from post-mortem changes, 
exists in the hepatic tissue ? We can only answer that the solution 
of this problem is of the same kind as that of the problems, why blood 
does not clot in the living blood-vessels, why the living muscle does 
not become rigid, and why the living stomach or pancreas does not 
digest itself. It might be added, bearing in mind the history of the 
fibrin ferment, that we have no proof that such an amylolytic fer- 
ment does exist in the living hepatic cells. It is possible that the 
ferment which can be extracted after death only makes its appear- 
ance as the result of changes which have taken place in the proto- 
plasm of the hepatic cells. 

It is clear that the glycogen is contained in the hepatic colls; but it is 
by no means certain that it exists there in what may be called a free state. 
The fact that under the microscope the hepatic cells give with iodine the 
colour reaction of glycogen, is no proof of the glycogen being frc*e. It 
has been described as sometimes occurring in granules ; but this, if ever, 
is certainly not always its condition. It is worthy of notice that all the 
means adopted to extract glycogen from a tissue are such as would readily 
decompose unstable complex compounds. If we advance the view that the 
glycogen of the hepatic protoplasm does not exist as an independent body, 
simply mixed with the other protoplasmic constituents, but is loosely con- 
nected with other (possibly proteid) substances as part of a very complex 

^ Op, ciu 

s BemarJ, MacDonnell, Luchsinger, Mering, cit, Wolffberg, ZUf, Biol, xiii. 
p. 266. 
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compound, few facts would be found opposing, and many supporting, such 
a view. 

Diabetes. Natural diabetes is a disease characterized by the 
appearance of a large quantity of sugar in the urine. Into the 
pathglogy of the various* forms of this disease it is impossible to enter 
here; but a temporary diabetes, the appearance for a while of a large 
quantity of sugar in the urine, may be artificially produced in animals 
in several ways. If the medulla oblongata of a well-fed rabbit be 
j)unctured in the region which we have previously described (p. 158) 
as that of the vaso-motor centre (the area marked out by Eckhard as 
the diabetic area agreeing very closely with that defined by Owsjan- 
nikow as the vaso-motor area), though the animal need not neces- 
sarily be in any other way obviously affected by the operation, its 
urine will be found, in an hour or two, or even less, to contain a con- 
siderable quantity of sugar, and to be increased in amount. A little 
later the quantity of sugar will have reached a maximum, after which 
it declines, and in a day or two, or even less, the urine will be again 
perfectly normal. The better fed the animal, or, more exactly, the 
richer in glycogen the liver at the time of the operation, the greater 
the amount of sugar. If the animal be j)rovionsly starved so that 
the liver contains little or no glycogen, the urine will after the 
operation contain little or no sugar. It is clear that the urinary 
sugar of this form of artificial diabetes comes from the glycogen 
of the liver. The puncture of the medulla causes such a change 
in the liver that the previously storod-up glycogen disappears, 
and the blood becomes loaded with sugar, much if not all of which 
passes away by the urine. In the absence of any proof to the 
contrary, we may assume that in this form of artificial diabetes the 
glycogen previously present in the liver becomes converted into 
sugar, just as we know that it does become so converted by post- 
mortem changes. The glycogenic function of the liver is therefore 
subject to the influence of the nervous system, and in particular 
to the influence of a region of the ccrebro-spinal centre which we 
already know as the vaso-motor centre, or at least of a part of that 
region. We cannot at present define clearly the nature of that influ- 
ence. We cannot say whether the temporary diabetes is a simple 
eflect of vascular dilation, or of some direct action of the nerves on 
the metabolic activity of the hepatic protoplasm. The path of the 
influence may be traced along the cervical spinal cord (and not along 
the vagi, though the roots of these nerves lie so close to the diabetic 
spot), as far down as (in rabbits) the level of the third or fourth 
dorsal vertebra\ or oven a little lower, from the spinal cord to 
the first thoracic ganglion, and from thence to the liver by some 
channel or channels at present undetermined. 

According to Eckhard* the phenomena are those of irritation, and not 
of the simple withdrawal of any accustomed nervous influence. He states 

1 Eckhard, Beitrdge^ vin. (1877) p. 79. ® Beitrdge, iv. (18C9) 1 ; vn. 1. 

P. P. 22 
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that while mechanical injury of the first thoracic ganglion (see fig. 32) will 
produce diabetes, no such effect is produced if the ganglion be carefully re- 
moved, or if its connbctiona with the spinal cord or with the remainder of 
the thoracic chain be completely divided. 

Cyon and Aladoff\ on the contrary, regard the whole matter as one of 
simple loss of vascular tone. They state that the diabetic puncture produces 
dilation of the small branches of the hepatic artery, from injury to the 
corresponding portion of the general vaso-motor centre, and accordingly 
find, in opposition to Eckhard, that simple division of the nervous ])ath, 
removal of the firet thoracic ganglion, or division of certain (variable) nerves 
proceeding from it, produces diabetes equally well as irritation of the gan- 
glion. Eckhard found that simple section of the splanchnic n(»rves not only 
did not ])roduce diabetes but even prevented its occurrence when performed 
previously to the diabetic puncture. On the hypothesis that the phenomena 
in question are those of irritation and not of paralysis, this fact would seem 
to shew that the splanchnics serve as the chamiels by which the impulses 
set up in the medulla, thoracic ganglion, &c., reach the liver. Cyon and 
Aladofi' however regard the absence of diabetes after simple section of the 
splanchnics as a proof that the vaso-motor fibres concerned in the matter pass 
to the liver by some other channel than the splanchnics; and they explain 
the preventive influence of j)revious section of the splanchnics, by supposing 
that this operation, by withdrawing a large quantity of blood into the 
abdominal organs, prevents the effects of the dilation of the comparatively 
small he])atic artery from manifesting themselves. For according to them, 
it is not the total quantity of blood, but the relative proporti m of arterial 
blood reacliing the liver, which determines the appearance of the sugar. 

Simple section of the spinal cord (in rabbits) sometimes does and some- 
times does not produce diabetes, and in all cases the effect apj)ears rapidly 
and soon disappears. Complete section of the spinal cord at any height down 
to the level of the third or fourth dorsal vertebra rendei*s tlie diabetic 
puncture ineffectuaP, and prevents the diabetes of morphia poisoning from 
being developed. Section of the vagi may produce a very slight and 
passing diabetes, but stimulation of the central end of either vagus may 
give rise, apparently by reflex excitation of the medullary centre, to a 
marked quantity of sugar in the urine. The diabetic puncture is in no 
way intert’ered with by previous section of both vagi. 

Artificial diabetes is also a pi*orainent symptom of urari poisoning. 
This is not due to the artificial respiration, which is had recourse to 
in order to keep the urarized animals alive ; because, though disturb- 
ance of the respiratory functions sufficient to interfere with the 
hepatic circulation may produce sugar in the urine, artificial respi- 
ration may be carried on without any sugar making its appearance. 
Moreover, it is seen in frogs, in which respiration can be satisfactorily 
carried on without any pulmonary respiratory movements. 

A very similar diabetes is seen in carbonic oxide poisoning ; and 
is one of the results of a suflScient dose of morphia or of amyl 
nitrate. 


1 liulh Acad. Imp. Sci. St P4tenh, xvi. (1871) 308. 
® Eckliard, Beitrdge, vni. 79. 
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According to Dock*, sugar appears in the urine of uraiized mammals, 
even when they are starving and presumably contain no glycogen in their 
livers. If this be so, urari diabetes must have quite a different caii.satioii 
Irom puncture diabetes j but Winogradoff® found no sugar in the urine of 
curarized frogs from which the livers had been removed, and Saikowsky“ 
found that in mammals after arsenic poisoning urari did not produce 
diabetes, shewing that if in urari })oisoning the sugar does not come from 
tlie liver but from the muscles, ai'senic has a like effect in preventing the 
accumulation of glycogen in the latter as in the former. 

Eckhiird* found that morphia diabetes was, like the puncture diabetes, 
prevented by section of the splanchnics or by section of the spinal cord 
above the level of the third or fourth dorsal vertebra. The drug aj>- 
pears therefore to act through tho medullary diabetic centre. 

The subcutaneous injection of glycerine jjireveiits (but not in all cases, 
and not always effectually) the appearance of diabetes after the puncture * 
or after morphia poisoning. The reason of this is not at present clear. 
The urine at the same time becomes bloody. 

The injection of glycogen in sufficient quantity into the blood gives 
rise in the urine not only to sugar but to a much larger quantity of a 
substance identical a^iparently with Bnicke’s achroodextrin®. 

There can be no doubt that in diabetes, arising from whatever 
cause, the sugar appears in the urine because the blood contains more 
sugar than usual. The system can only dispose (either by oxidation, or 
as seems more probable in other ways) of a certain quantity of sugar in 
a certain time. Sugar injected into the jugular vein reappears in tjie 
urine, whenever the injection becomes so rapid that the percentage 
of sugar in tho blood reaches a certain (low) limit. Sugar in the 
urine means an excess of sugar in the blood. How in natural dia- 
betes that excess arises, we have at present no facts to shew ; but it 
is extremely probable that the sources of the excess may be various, 
and hence that several distinct varieties of diabetes may exist. In 
one among many points, the clinical history of diabetes throws light 
on the possible sources of glycogen. While in many, especially of tho 
less severe cases of diabetes, withdrawal of all amylaceous food is fol- 
lowed by a disappearance of sugar from the urine, in many instances 
the sugar continues to be discharged even though the diet bo perfectly 
free from carbohydrates ; and in many other cases the sugar in tho 
urine is far in excess of that taken as food. In these cases the sugar 
must have some non-amylaceous source ; from this we infer that gly- 
cogen also may have a similar origin ; and the fact that the urea 
is increased (and that too in some cases in ratio with the sugar’) 
in diabetes, suggests that tho sugar may arise from proteids which 
have been split up into a nitrogenous (urea) and a non -nitrogenous 
moiety. It has been shewn by Wickham Legg, and confirmed 

^ Op, cit, * Virchow^s Archiv^ xxvii. (1863) p. 633. 

^ Centrbt. Med, TVisa* 1865, p. 769. ^ Op, ciU 

® Luchsinger, PflUger’s Archiv^ xi. (1875) 502. 

« Boehm and Hoffmann, Archiv Exp, Path. vii. (1877) 489. 

7 lUnger, Med. Chir. Trans, xliii. 

22—2 
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by Von Witticb, that ligature of the bile-ducts causes a disap- 
pearance of glycogen from the liver, and that (four or six days) 
after the ligature the diabetic puncture produces no diabetes. This 
cannot be explained by supposing that the glycogen formed previous 
to the operation is rapidly converted into sugar by a ferment deve- 
loped in the stagnant bile, for no sugar appears in the urine. We are 
rather led to infer that the formation of the glycogen is prevented by 
interference with the nutritive functions of the hepatic cells. 

Various suggestions have been made with ref('rcnce to the chemical 
ways in which carboliydrate material might make its appearance during 
hepatic metabolism. It has b(»en pointed out, for instance, that proteid 
material might be s])lit up into glycogen and the bile-acids, or that glycin 
might be split up into urea and glucose (4(^3115X0^ = 2 CH^NgO 
But these views must at jircseut be considered as suggestions only. 


The Ilistorjj of Fat Adipose Tissue. 

Of all the tissues of the body adipose tissue is the most fluctu- 
ating in bulk ; within a very short space of time a large amount of 
adijiGse tissue may disappear, and within an almost equally short 
time the quantity present in a body may be several times multiplied. 
Histological inquiries teach us that when an animal is f ttening the 
minute drops or specks of fat normally present in certain connective- 
tissue corpuscles are seen to increase in number, the protoplasm 
enlarging at the same time. As these specks increase they coalesce 
into drops, which by similar coalescence form larger drops, until, the 
protoplasm first ceasing to increase and then diininishing, the original 
connective-tissue corpuscle is transformed into a fat-cell, with a 
remnant only of protoplasm gathered round the nucleus and forming 
an imperfect envelope round the enlarged contents. When, on the 
contiary, an animal is fasting, the fat seems in some way to escape from 
the cell, which it may leave as an empty bag collapsed around the 
nucleus. These facts point to the conclusion that the fat of adipose 
tissue is not simply and mechanically collected in the cell, but is 
lormcd by the active agency of the cell, being apparently the result 
of a breaking up of the protoplasm; when formed, however, it appears 
to be discharged from the cell in a more or less mechanical manner, as 
the needs of the economy demand. And this view is supported by 
the fact that protoplasm, wherever occurring, both during life and 
after death (when it could not possibly be supplied with fat from 
without), is subject to fatty degeneration, in which the fat evidently 
arises, in large part at least, from the breaking up of proteid com- 
pounds. 

On the other hand, we have traced the fats taken as food, and 
found that they pass with comparatively little change from the 
alimentary canal into the blood, either directly, or through the inter- 
mediate passage of the chyle. We might infer from this that an 
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excess of fat thus entering the blood would naturally be simply stored 
up in the available adipose tissue, without any further change, the 
connective-tissue corpuscles after the fashion of an amoeba eating 
the fat brought to them but not digesting it, simply keeping it in 
store till it was wanted elsewhere. 

Which of these views is the true one, or how far are both these 
operations carried on in the animal body ? In the first place, it is 
evident that in an animal fattened on ordinary fattening food, only a 
small fraction of the fat stored up in the body can possibly come 
direct from the fat of the food. Long ago, in opposition to the views 
of Dumas and his school, who taught that all construction of organic 
material, that all actual manufacture of protoplasm or even of its 
organic constituents, was confined to vegetables and unknown in 
animals, Liebig shewed that the butter present in the milk of a cow 
was much greater than could be accounted for by the scanty fat 
present in the ^rass or other fodder she consumed. He also urged, 
as an argument in the same direction, that the wax produced by bees 
is out of all proportion to the fat contained in their food, consisting as 
this does chiefly of sugar. And Lawes and Gilbert^ have shewn by 
direct analysis that for every 100 parts of fat in the food of a fixtten- 
ing pig, 472 parts were stored up as fat during the fattening period. 
It is clear that fat is formed in the body out of something which is 
not fat. 

There are two possible sources of this manufactured fat. In 
treating of digestion (p. 242), we referred to the possibility of digested 
carbohydrates becoming converted into fats by the butyric acid 
fermentation. Analogous ferment-actions may similarly elaborate 
other fats. And there can be no doubt that a carbohydrate diet 
is most efficacious in producing an accumulation of fat in the body. 
Sugar or starch, in some form or other, is always a large constituent 
of ordinary fattening foods. 

Another source of fat is to be found in the proteids. We have 
seen that the urea of the urine practically represents the whole of the 
nitrogen which passes through the body. Now in any given quantity 
of urea the amount of carbon is far less than that found in the 
quantity of proteid containing the same amount of nitrogen. Thus 
the percentage composition of the two being respectively. 

Carbon. Hydrogen. Oxygen. Nitrogen. Sulpliur, 

Urea 20*00 6*66 2GC7 46*67 

Proteid 53 7*30 23*04 15*53 113 

100 grms. of urea contain about as much nitrogen as 300 grins, of 
proteid; but the 300 grms. of proteid contain 139 grms. (159-20) 
more carbon than do the 100 grms. urea. Hence the 300 grms. of 
proteid in passing through the body and giving rise to 100 grms. of 
urea, would leave behind 139 grms. of carbon, in some combination or 


1 Phil. Trans. 1800. 
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other; and this surplus of carbon, if the needs of the economy did 
not demand that it should be immediately converted into carbonic 
acid and thrown off from the body, might be deposited somewhere in 
the form of fat. We have already seen, in treating of the action of 
the pancreatic juice (p. 201), that there is evidence of a fatty elefneiit 
being thrown off from the complex protcid compound in the very 
process of digestion. 

It is clear that a construction of fat docs occur in the body 
somewhere. What limits can we place on the degree to wdiich 
this construction is carried? In reference to this point it is worthy 
of notice that the com 2 )ositioii of fat varies in different animals. The 
fat of a man differs from the fat of a dog, even if both feed on 
exactly the same food, fatty or otherwise. Were the fat which is 
taken as food stored up as adipose tissue directly and without change, 
recourse being had to other sources of food for the construction of 
fat only in cases where the fat in the food was deficient, we should 
expect to find that the constitution of the fat of the body would 
vary greatly with the food. So far from this being the case, Sub- 
botiii^ finds that the fat of the dog is, as far as composition is con- 
cerned, almost entirely independent of the food, that the normal 
constituents of fat make their apj^earance as usual, though some of 
them may wholly be absent in the food, and that abnormal fats 
presented as food are not to bo found in the fat which *s stored up in 
the body as a consequence of a large supply of that fooo. 

Subbotin, after starving a dog till he had reason to think all fat had 
disa])))eared from the body, fed it largely on palm-oil (contiiiniiig ^^almitiu 
and olein but no stearin) and the very leanest meat. The composition of 
the fat which was stored uj) during this diet is shewn in column 2, the 
normal constitution of the fat of a dog being shewn in column 1. Another 
dog, after a similar removal of the natural fat by starvation, was fed on meat 
and a soaj) comj^osed of palmitic and stearic acids. The animal in this 
case received no olein. Yet the comi)Osition of his fat was that given in 
column 3. 



1. 


2. 


3. 



A. 

B. 

A. 

B. 

c. 

A. 

B. 

Palmitin 

44-87 

39-72 

50-80 

53-30 

55-36 

52-80 

53-60 

Stearin 

19-23 

32-48 

9-00 

13-20 

13-24 

13-20 

13-40 

Olein 

35-90 

27-80 

40*20 

33*50 

30*80 

34-00 

33-00 


A signifies tlie subcutaneous, B the mesenteric, and c the suprarenal 
adipose tissue. 

Moreover, when a dog was fed, after a preliminary starvation period, with 
1 kgm. of spermaceti, of which he was found to absorb at least 800 grms., 
nothing more than a trace of the spermaceti was to be found in his fat. 

Of course it is quite possible that in such cases as these, though 
the stearin, or the olein, when absent from the food, was in some 
wmy or other constructed anew, yet at the same time those con- 

» Zt.f. Biol. VI. (1870) p. 73. 
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Ktituents which were present were simply stored up; but it is also 
opeu for us to suppose that all the fat taken as food was in some 
way or other disposed of, and that all the new fat which made its 
ajipearance was constructed anew. And the latter view is supported 
by the histological facts mentioned above (p. 340), as well as by other 
considerations, which we shall presently have to urge. At the pre- 
sent, however, we may be content with the following conclusions. 
1. Fat is formed anew in the animal body. 2. The carbon ele- 
ments of the newly-formed fat may be supplied cither from amyla- 
ceous food, or from the carbon surplus of proteid food, or from fats 
taken as food which are not the natural constituents of the body- 
i'at. 3. The fat stored up appears as fat granules or drops dc- 
])osited in the protoplasm of certain cells, and the increase of the 
fat in the cells is accompanied first by a growth, and subsequently 
by a decay of the protoplasm; but there is no complete evidence 
to shew whether the fat-granuhiS which appear are simply deposited 
l)y the protoplasm in a more or less mechanical manner, without 
their forming an integral portion of it, or whetlier they arise from a 
breaking up, a functional metabolism of the jn'otoplasm itself. 

The question touched on here is one the solution of which is probably 
still far distant. We know tliat protoplasm such as tliat of Penicillium^ 
can build itself up out of ammonium tartrate and inorganic salts, and can by 
a decomposition of itself give rise to fats and other bodies ; and wo have 
every reason to suppose that this constructi v^e power l>elongs naturally to all 
native protoplasm wherever found. At the same time, wc see that even in 
I’enicillium it is of advantage to offer to tlie protoplasm as food, substances 
such as sugar and proteids ([leptone) whicli are, so to speak, already on 
the way to become protoplasm ; the organism is thus saved much construc- 
tive labour. And wc may imagine that a cell would always take and assimi- 
late into itself already constructed fats, sugar, proteids, &c., rather than 
liave the preliminary trouble of building up these substances out of simpler 
compounds. But when we consider how in every being, every cell and 
every part of a cell has its own individual characters, stamj^ed on it by long 
hereditary action, we see a reason why every bit of proto})lasm, especially in 
the higher more differentiated organisms, should he mjide anew. And the 
(*nergy required for the construction is always at hand. The food, which, 
instead of being directly assimilated without loss of energy, is reduced to 
simple compounds, sets free an energy which remains available for recon- 
struction. Of course in every such decomposition and recomposition there 
will be an irrecoverable loss in the form of heat which escaj)es; but, as we 
know, the whole of animal life is arranged with a view to this continual 
loss. It is not therefore so unreasonable as at first sight a])pears, to 
buj)j)Ose that the animal protoplasm is as constructive as the vegetable 
protoplasm, the difference between the two being that the former, unlike 
the latter, is as destructive as it is constmetive, and therefore requires to 
bo continually fed with ready constructed material. 


1 Huxley and Martin, Elenmitary Bio'of/yf Lesson v. 
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The Mammary Gland, 


Altliough milk is a secretion, and indeed an excretion, althouoh 
therefore the mammary gland cannot be classed as a metabolic 
tissue, in the limited meaning we are now attaching to those w‘'or(ls, 
yet the metabolic phenomena giving rise to the secretion are so 
marked and distinct, and have so many analogies with the metabolic 
events in adipose tissue, that it will be more convenient to consider the 
matter here, rather than in what would seem its more proper ])Iace. 

Human milk has a specific gravity of from 1*028 to 1*034, and 
when quite fresh possesses a slightly alkaline reaction. It speedily 
becomes acid, and cow’s milk, even when quite fresli, is sometimes 
slightly acid, the change of reaction taking pLvCe during tlie l. agna- 
tion of the milk in the mammary ducts. 

The constituents of milk are : 

1. Proteids, viz. casein, and an albumin, agi'oeing in its general 
features with ordinary scrum-albumir The casern may 1)e thrown 
down by the careful addition of acetic acid; but the most conipleb^ 
precipitation is effected by first adding to tlie milk a slight (piantity 
of acetic acid, and then passing through it a stream of carbonic 
acid. From the filtrate the serum-albumin, wliidi is present in 
small and variable quantities, may be obtainc(l by coagulation with 
heat, or by precipitation with potassium fcrrocyanide, i c, 

2. Fats. These are palmitin, stearin and olein. 

There are present also, to the extent of about 2 per cent, of the total 
fat, the glycerides of butyric, cajironic, caprylic, and myristinic acids. 


3. Milk-sugar, the conversion of which into lactic acid gives rise 
to many of the features of milk. 

4. Extractives, including, according to some observers, urea, and 
salts. The last consist chiefly of potassium phosphate, with calcium 
phosphate, potassium chloride, small (juautities of magnesium jdios- 
phate and traces of iron. 

The following is the composition of 1000 parts of 


Casein 

Albumin 

Fat 

Sugar 

Salts 

Total Solids 
Water 


Human Milk. 

39-24 


20-66 

43-64 

1-38 

110-92 

889-08 


Cow’s Milk. 

48-28 

5-76 

43-05 

40-37 

5-48 

142-94 

857-06 


Milk is an emulsion, the fats existing in the form of globules of 
various but minute size, each protected by a thin envelope of casein 
or albumin. It is this condition of the fat -which gives to milk its 
peculiar white colour. The colostrum, or secretion of the mammary 
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gland at the beginning of lactation, differs from milk in being very 
deficient in casein and proportionately rich in albumin. It is said 
that the milk at the end of a long lactation again becomes poor in 
casein and rich in albumin. Milk on standing turns sour and curdles. 
This is due to the milk-sugar becoming converted by a fermentative 
process into lactic acid, which in turn precipitates the casein. The 
change may be rapidly brought about by means of a ferment con- 
tained in the gastric membrane. (See p. 194.) 

Milk, like the other secretions which we have studied, is tlie 
result of the activity of certain protoplasmic secreting cells ibriniug 
the epithelium of the mammary gland. As far as the fat of milk 
is concerned, the processes taking place in the gland are very in- 
structive, since the fat can be seen to be gathered in the epitlielium 
cell, in the same way as in a fat-cell of the adipose tissue, and to 
be discharged into the channels of the gland, either by a breaking 
up of the cells, or by a contiactile extrusion very similar to that 
which takes place wnen an ammba ejects its digested food. All the 
evidence we posses* ooc ^ to prove that the fat is formed in the 
cell through a n < ta])o'ism of the ])rotoj>lasm. The microscoj)ic 
history is thoroughly sn])p(nted by other facts. Thus the cpuintity 
of fat present in milk is largely and directly increased by 2 )roteid, 
but not increased, on the contrary diminished, by fatty food\ This 
is (juite inUdligible wiien we know, as will be shewn in a sncci^eding 
section, that ])roteid lood increases, and fatty food diminishes, tlui 
metabolism of the body ; and we have already discussed the manner 
in which proteid material may give rise to fat. A bitch fed on meat 
for a given jjeriod gave off more fat in her milk than she could 
possibly have taken in her food, and that too while she was gaining 
in weight, so that she could not have supjdicd the mammary gland 
with fat at the expense of fat previously existing in her body. In 
the ‘ripening’ of cheese we have a similar conversion of proteids 
into fat. We have also evidence that the casein is, like the fat, formed 
in the gland itself. When milk is kept at 35 degrees C. out of the 
body the casein is increased at the expense of the albumin. When 
the action of the cell is imperfect, as at the beginning or end of lac- 
tation, the albumin is in excess of the casein ; but as long as the 
cell possesses its proper activity the formation of casein becomes 
prominent. It has been suggested that the casein may be formed 
by a splitting up of albumin by some fermentative process, but no 
such ferment has yet been isolated. That the milk-sugar also is 
formed in and by the protoplasm of the cell, is indicated by tlic fact 
that the sugar is not dependent on carbohydrate food, and is main- 
tained in abundance in the milk of carnivora when these arc fed 
exclusively on meat, as free as possible from any kind of sugar or 
glycogen. We thus have evidence in the mammary gland of the 
formation, by the direct metabolic activity of the secreting cell, of 


1 Subbotin and Kemmericb, ChL Med. Wise. 1860, p. 337. 
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tlie representatives of the three great classes of food-stuflfs, proteids, 
fats and carbohydrates, out of the comprehensive substance proto- 
plasm. And what we see taking place in the mammary cell is 
probably a picture of what is going on in all protoplasmic bodies. 
If the fat of the milk were not ejected from the mammary cell,- the 
mammary gland would become a mass of adipose tissue, especially 
if, by a slight change in the metabolism, the production of fat were 
exalted at the expense of the production of casein or milk-sugar. If, 
again, by a similar slight change the milk-sugar were accumulated 
rather than the fat or proteid, we should have a result which, by an 
easy step, would bring us to glycogenic tissue. And, lastly, if the 
proteid accumulation were greater than the fatty, or the saccharine, 
these being carried ofif in some way or other, we should have an 
image of the nutrition of an ordinary nitrogenous tissue. 

I'hat both the secretion and ejection of milk are under the control of 
tile iitTvouH system is shewn by common experience, but the ('xact nervous 
mechanism has not yet been fully worked out. While erection of the 
nipple ceases when the spinal nerves which siii>ply the hreast are divided, 
the secretion continues, and is not arrested even when the symp'ithcti<; as 
well as the spinal nerves are cuth 

The Spleen, 

The Spleen may be wholly removed from an anim.d without any 
obvious changes in the economy taking place; the functions of the 
rest of the body appear to go on unimpaired. We are obliged to 
assume that some compensating actions take place : but what those 
actions are we do not know, and we are left at present by these 
experiments almost completely in the dark as to the functions of 
the spleen. The most that has been observed is a slight increase 
in the lymphatic glands, and in the activity of the medulla of bones. 

Schiff*' maintains that after extirpation of the spleen, pancreatic juice 
is no longer able to digest proteids. lie believes that the spleen during its 
turgescence manufactures a substance, which being carried to the pancreas, 
gives rise by a kind of ferment action of its own to the pancreatic proteolytic 
ferment. In the language of Heidenhain’s results, the presence of the 
splenic product is necessary for the conversion of the zymogen into the 
I)ancreatic proteolytic ferment. Herzen further stiiies that in the ex- 
ceptional cases where the spleen does not become turgid during digestion, 
t])o pancreatic juice is inert towards proteids. The evidence in favour of 
this action of the spleen is, at present, not cogent, and Hosier* denies that 
extirpation of the spleen has any influence whatever over either gastric or 
panci'eatic digestion. 

After a meal the spleen increases in size, reaching its maximum 

1 Eckhard, Beitrdge^ i. and viii. (1877) p, 117. Kolirig, Virchow’s Archiv, lxvii. 
(1876) p. 119. 

Schweiz. Zt.f, Heilk. i. (1862) p. 209. See al^io Lemons mr la Digestion. 

3 Cbt.f. Med. Wm. 1877, p. 430. * Cbt.f. Med. Wiss. 1871, p. 290. 
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about five hours after the taking of food; it remains swollen for some 
time, and then returns to its normal bulk. In certain ciiseases, such 
as in the pyrexia attendant on fevers or inflammations, and more 
especially in ague, a similar temporary enlargement takes place. In 
proldbgcd ague a permanent hypertrophy of the spleen, the so-called 
ague-cake, occurs. 

The turgescence of the spleen seems to be due to a relaxation 
both of the small arteries and of the muscular bands of the trabccuhe ; 
to be, in fact, a vaso-motor dilation accompanied by a local inhibi- 
tion of the tonic contraction of the other plain muscular fibres 
entering into the structure of the organ. And the condition of the 
spleen, like that of other vascular areas, appears to be regulated by 
tlio central nervous system, the digestive turgescence being altogether 
comparable to the flushed condition of the pancreas and the gastric 
membrane during their phases of activity. 

According to Tarchanoff ^ section of tho splenic nerves causes a tuigescoiice 
lasting for some time, but disappearing in tho course of a f(‘\v days. 
Stimulation of the spinal cord causes a shrinking, which, however, fails to 
make its appearance if tho splanchnic nerves be previously divided. The 
shrinking or constriction may be brought about in a r('fl(^x; maimer by 
stimulation of the central stump of tho sciatic nerve. Tho effect, liowever, 
is in the cascj of this nerve slight, whereas if the centi’al stump of tho vagus 
be stimulated, a very marked shrinking is observed. Local stimulation 
causes local shrinking; if the electrodes of an inteiiiipted current be drawn 
across a turgid spleen, their course is maiked by a white line of con- 
striction lasting for some little time. Contraction of the spleen is also 
caused by quinine and strychnia. 

This functional intermittent turgescence, so clearly related to the 
ingestion of food, may be connected with that manufacture of white 
corpuscles and destruction of red corpuscles of tlic blood, of which we 
spoke in an early chapter (p. 29) ; but when the peculiar arrange- 
ments of the blood-vessels of the spleen, with their large open 
venous networks, are borne in mind, it seems in the highest degree 
probable that metabolic events of great importance (possibly asso- 
ciated in some way with the metamorphosis of the blood-corpusclcs) 
take place in the spleen, though at present we are unable to follow 
them. And this view is supported by the somewhat peculiar 
chemical characters of the spleen-pulp, which, in spite of its con- 
taining a very large number of blood-corpuscles, differs markedly in 
its chemical composition from either blood or serum. Thus a 
special proteid of the nature of alkali-albumin seems to be present, 
holding iron in some way peculiarly associated with it. The occur- 
rence of this ferruginous proteid, accompanied as it is by several 
peculiar but at present little understood pigments, rich in carbon, 
bears out the histological conclusions concerning the disappearance 
of the red corpuscles. The inorganic salts of the spleen, or at least 


1 Pfliiger’s Archiv, nii, (1874) 97, 



348 


THE SPLEEN. 


[Book ii. 


those of its ash, are remarkable for the large amount of both soda and 
phosphates, and the scantiness of the potash and chlorides which they 
contain, thus differing from blood-corpuscles on the one hand, and 
from blood-serum on the other. But perhaps the most striking 
feature of the spleen-pulp is its richness in the so-called extractives. 
Of these the most common and plentiful are succinic, formic, acetic, 
butyric and lactic acids (these may arise in part from the decom- 
position of haimoglobin), inosit, leucin, xanthin, hypoxanthin and 
uric acid. Tyrosin apparently is not present in the perfectly fresh 
spleen, though leucin is: both are present after decomposition has 
set in. The constant presence of uric acid is remarkable, especially 
since it has been found even in the spleen of animals, such as the 
herbivora, whose urine contains none. No less suggestive is the fact 
that tlie increase of uric acid in the urine during ague, and during 
ordinary pyrexia, seems to run parallel to the turgescence, and 
therefore presumably to the activity, of the spleen. But these facts 
are at present suggestive only ; they point to an active metabolism 
associated with digestion taking place in the spleen ; exact informa- 
tion as to the nature of the metabolism is however wanting. The 
thyroid and thymus bodies, often in descriptions associated with the 
spleen, though different in structure, the former entirely so, resemble 
the spleen somewhat, as far as their extractives are concerned. The 
thymus contains leucin, xanthin and hypoxanthin, '*vith lactic and 
succinic acids ; uric acid seems to be absent. The eXotactives of the 
thyroid are scanty, but apparently of the same nature. 


Sec. 2. The History of Urea and its Allies. 

We may now return to the questions which we left unanswered 
at p. 327, Where is urea formed? what are its immediate ante- 
cedents? what are the various chemical links between it and the 
proteid material of which it is the excretoiy representative ? 

We ha'^e seen, p. 34, that the muscular tissues contain kreatin, 
together with smaller quantities of allied nitrogenous crystalline 
bodies, such as xanthin, hypoxanthin, &c. ; and we cannot go far wrong 
in supposing that these bodies are in some way or other the products 
of muscular metabolism. We do not know in what quantities they 
are formed ; but since they are such bodies as would readily be 
carried away from the muscle by the blood-stream, and yet are always 
to be found in the muscle, we infer that they are continually being 
formed, and as continually being converted into some other bodies 
and carried away. And we may further say, that since kreatin exists 
in muscle to the extent of *2 or *4 p. c., and since muscle forms so 
large a portion of the whole body, it is at least possible, if not 
probable, that a considerable amount of kreatin passes within twenty- 
four hours into the blood, on its way to become transformed by other 
tissues into urea, or into some stage nearer to urea than itself. 
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The urine contains a certain amount (*9 gm. in 24 hours) of kreatin, 
or kreatinin, into which kreatin is easily converted ; but neither of these 
can be considered as the normal channel by which the kreatin formed in 
the muscles passes out of the body. For the urinary kreatin is exceedingly 
variable in quantity, vanishes during starvation, and, though not at all 
incredbed by exercise, is largely augmented by a flesh-diet^ ; and kreatin 
injected into the blood, even in small quantities, reaj)peai’s unchanged in 
the urine. Without laying too much stress on the last fact, we are led 
to conclude that the kreatin or kreatinin in urine has an origin quite 
independent of that which is present in the muscles, being probably derived 
directly from the food. 

With regard to the substances, such as xanthin, which appear in 
muscle in small quantities only, our information is too im 2 )orfect to allow 
us to make any statement whatever about them. 

While then we have some reason for thinking that the kreatin 
found, and presumably formed, in muscle is a more or less distant 
antecedent of urea, it must be remembered that this is simply a 
]iiore or less probable view, not an ascertained or clearly proven fact. 

Of the metabolism of the nervous tissues we know little; but 
kreatin is found in the brain, in some cases in not inconsiderable 
quantity. Now the bodies of the nerve-cells are undoubtedly com- 
posed of protoplasm ; the axis-cylinders of the nerve-fibres are also 
protoplasmic in nature, and it is at least possible that much of the 
peculiar matrix of the cerebral and cerebellar convolutions, and of the 
grey matter generally, is also in reality protoplasmic. Hence we may, 
with a certain amount of reason, suppose that the nervous, like the 
muscular tissues, arc continually, but to a much less extent, supplying 
an antecedent to urea in the form of kreatin. 

Lastly, the spleen contains a considerable quantity of kreatin, as 
well as of xanthin, &c.; and these are present also in various gland- 
ular organs. 

We thus have evidence of a continual formation of kreatin, possi- 
bly in large quantities, in various parts of the body. On the other 
hand, urea is certainly not present in muscle (save in certain ex- 
ceptional cases) and its presence in nervous tissue is extremely 
doubtful. It is absent from the spleen (of the occurrence of urea in 
the liver we shall speak presently), the thymus, and thyroid bodies, 
and from the lymphatic glands, though uric acid, as we have seen, 
appears to be a normal constituent of the spleen. It seems very tempt- 
ing to jump at once from these facts to the conclusion that kreatin is 
the natural antecedent of urea, and that as far as nitrogenous excre- 
tion is concerned the labour of the kidney is confined to the simple 
transformation of kreatin into urea. We have only to suppose that 
tbe kreatin passes from these several tissues into the blooi in which 
it may be found, and while circulating in the blood is seized upon 
by the renal epithelium and converted into urea. And there are 
some facts which support this view. But there are others which 

1 Voit, Zt.f, Biol. IV. 77. 
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oppose it; and while it cannot be said to be wholly disproved, it 
cannot at present be accepted as suflBiciently satisfactory to serve as 
a foundation for other arguments. 

In the first place, urea, in spite of its absence from the muscles and 
other tissues, is always present in the blood, and has also been found ki the 
chyle, in the serous fluids, and in saliva. It might be urged of course that 
this urea is, so to speak, an overflow from the kidney, that owing to its 
great diffusibility it lias passed back from the renal epitWium where it was 
manufactured into the blood-stream. When, however, we reflect how all 
diffusion is overborne by the natural physiological currents, as shewn 
indeed by the absence of urea from muscle, in spite of its presence in the 
blood, this argument loses all the little force it had. 

In certain diseases of the kidney, the excretion of urine ceases. This 
suppression of urine, as it is called, is followed by an accumulation of urea 
in the blood and all paris of the body, and is accompanied by symptoms 
known as those of uraemic poisoning, though the toxic consequences are 
due not to the presence in the system of the large quantity of urea, but of 
other, at present undefined, substances which have at the same time ceased 
to bo excreted. Oppler^ and Zalesky stated that when the kidneys of an 
animal were extirpated, or the renal arteries ligatured, though uraemic 
symptoms set in as usual, there was no accumulation of urea in the blood or 
tissues, and no excess of carbonic acid or ammonium carbonate, such as might 
have arisen from a rapid decomposition of urea. There was however a 
marked accumulation of kreatin or of kreatinin. On the other hand, these 
observers foxind that when the ureters were ligatured, , > that the blood 
was still brought under the influence of the renal epithelium, and yet the 
products of the activity of that epithelium not allowed to escape, an 
accumulation of urea (in birds of uric acid) and not of kreatin was observed. 
These results, if indisputable, would indeed afford strong evidence of the 
conversion of kreatin into urea by the agency of the renal epithelium. 
They have however been much disputed. Thus Gr6hant*, using what was 
probably a better method for the estimation of urea, (and the detection of 
urea in complex organic fluids is subject to very considerable errors,) came 
to the conclusion that the urea in the blood, after extirpation of both 
kidneys, rose from *026 and from -088 to ’206 and *270 per cent, in 24 
and 27 hours respectively. And Gscheidlen® has come to a similar conclu- 
sion. The results according to both these latter observers are the same 
whetlior the kidneys are extirpated or the ureters tied; in the latter case 
the distension of the tubules soon rendei*s the epithelium cells incapable 
of performing their functions, and thus an animal, in which the ureters have 
been ligatured, is practically in the same condition as one from which the 
kidneys have been removed. Neither Grehant nor Gscheidlen make any 
statement about an increase of kreatin. And it may be worth while to 
notice that though the experiments of these observers prove that all the 
urea of the urine is certainly not formed in the kidney, they do not neces- 
sarily oppose the view that some of it may be so formed out of kreatin of 
some similar antecedent. Nor is there anything ^ priori to contradict the 
supposition that the origin of urea may be double, part being formed in one 

1 Virchow’s Archiv, xxi. 260. * Cbt, Hied, Wise, 1970, p. 249. 

^ Studien U, d, Vr$prunQ d, Ilamutqffi, Leipzig, 1871. 
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way and part in another. Lastly, the fact that urea injected into the blood 
causes a rapid secretion of urine, may be used as an argument that the 
habit of the renal epithelium is to pick out, so to speak, the urea from the 
blood and to carry it into the channels of the renal tubules. 

There is moreover another possible source of urea besides tlie 
kreatin formed in muscle and elsewhere. We have seen that one 
result of the action of the pancreatic juice is the formation of con- 
biderable quantities of leucin and tyrosin. In dealing with the 
statistics of nutrition, our attention will be drawn to the fact that the 
introduction of proteid matter into the alimentary canal is followed 
by a large and rapid excretion of urea, suggesting the idea tliat a 
certain part of the total quantity of the urea normally secreted comes 
from a direct metabolism of the proteids of the food, without these 
really forming a part of the tissues of the body. We do not know to 
what extent normal pancreatic digestion has for its product leucin, 
and its companion tyrosin; but if, especially when a meal rich in 
proteids has been taken, a considerable quantity of leucin is formed, 
we can perceive an easy and direct source of urea, provided that the 
metabolism of the body is capable of converting leucin into urea. 
That the body can effect this change is shewn by the fact that leucin, 
when introduced into the alimentary canal in even large quantities, 
does reappear in the urine as urea ; that is, the urine contains no 
leucin, but its urea is proportionately increased; and the same is 
probably the case with tyrosin, though this is disputed. Now tho 
leucin formed in the alimentary canal is carried by the portal blood 
straight to the liver ; and the liver, unlike other glandular organs, 
does, even in a perfectly normal state of things, contain urea. We 
arc thus led to the view that among the numerous metabolic events 
which occur in the hepatic cells, the formation of urea out of leucin or 
out of other antecedents may be ranked as one. Probable, however, 
as this view may seem, it has not as yet been established as a fact. 

Meissner' found a large quantity of urea in the liver of mammals, and 
of urates in the liver of birds. Cyon* attempted to demonstmto tho 
formation of urea in the liver by passing a stream of fresh blood through 
tho liver of an animal recently killed, and estimating the percentage of 
urea in the blood used before and after. He found it to be increased from 
*08 to *176. This however is not conclusive, for, as Gscheidlen has urged®, 
the increased quantity in the blood which had been circulated was simply 
urea which had been washed out from the liver, where it had previously 
been staying. A strong presumption in favour of urea arising through the 
hepatic metabolism, from leucin as an antecedent, is afforded by the fact 
that in cases of acute atrophy of the liver, where the hepatic cells lose 
their functional activity, the urea of the urine is replaced by leucin and 
tyrosin. And lastly, it may be remarked that not only are leucin and 
tyrosin found in nearly all the tissues after death, especially in the 
glandular tissues, but they also appear with striking readiness in almost 

1 ZUf. rat. Med. (3) xxxi. 144. » Cht.f. Med. Whs. 1870, p. 680. 

Of. also Munk, mUgcr’s Arcliiv, xi. (1876) p. 100. 
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all decompositions of proteid, and, in the case of the former, of gelatini- 
ferous substances. 

The view that leucin is transformed into urea lands us however in very 
considerable difBloulties. Leucin, as we know, is amido-caproic acid; and, 
with our present chemical knowledge, we can conceive of no other way in 
which leucin can bo converted into urea than by the complete reduction of 
the former to the ammonia condition, and a reconstruction of the latter 
out of the ammonia so formed. We have a somewhat parallel case in 
glycin. This, which is amido-acetic acid, when introduced into the ali- 
mentary canal, also reappears as urea; here too, a reconstruction of urea 
out of an ammonia phase must take placed And there are some recent 
facts which point in exactly the same direction, viz. in a derivation of the 
normal urea of the urine from a simple ammonia antecedent. O. Schultzen® 
finds that when an appropriate quantity of sarcosin is given by the mouth, 
urea disappears from the urine, being replaced by a compound of sarcosin 
and carbaiuic acid (in company with a com])ound of sarcosin with suli)hamic 
acid). The inteq)retation of this result is that in normal metabolism the 
proteids are ultimately broken down to carbamic acid and timmonia, which 
uniting and becoming subsequently dehydrated, form urea; thus 
ammonium cjirbamate - H^O « urea ; but that carbamic acid, 
having a greater affinity for sarcosin than ammonia, seizes the former 
in preference when it is at hand, and consequently gives rise to Schultzen’s 
compound. There are however many difficulties in accepting this view. 
In the first place, no compounds of carbamic acid are known to exist in 
the blood or in the body®; this however perhaps is an objecKon of no great 
validity. In the second place, sarcosin, though not appari afly a normal 
constituent of any of the tissues, should, if kreatin is normally converted 
into urea, arise somewhere in the body constantly as a bye-product of 
that conversion, since kreatin contains residues of both urea and sarcosin. 
Hchultzen’s compound therefore ought to be a normal constituent of the 
urine, which apparently it is not. Nevertheless there remain the facts, 
that leucin is in some way or other converted, in the body, into urea; 
that leucin, since it occui'S abundantly in the body, is probably a source 
of part of the urea ; and that leucin can only be converted into ui-ea by 
a decomposition into ammonia or an ammonia body, whereby the caproic 
acid residue is set free either to be elaborated into a fat or to be oxidized 
into carbonic acid. It is worthy of notice that this idea of a reconstruction 
of urea out of ammonia agrees completely with the views expressed on 
p. 343 concerning the constructive capacities of the animal organism. 

To sum up our injperfect knowledge concerning the history of 
urea. We have evidence, not exactly complete but fairly satisfactory, 
that a part at least of the urea is simply withdrawn from the blood 
by the renal epithelium. The activity of the protoplasm of the 
secreting cells must therefore, as far as this part of the urea is con- 
cerned, be confined to absorbing the urea fi*om the renal blood, and 
to passing it on into the cavities of the renal tubules. The mechanism 
by which this is effected we cannot at present fathom, but it seems 

1 Cf. Salkowski, Zt. f. Physiolog, Chem. i. (1877) 1. Schmiedeberg, Archiv /. Exp. 
Path, VIII. (1877). * Berichte Beut. Chem. Gesell, 1872, p. 678. 

® Of. Brechsel, Ludwig^s Arheiten^ 1876. Hofmeiater, Pflflger’s Archiv^ xii. (1876) 
p. 337. 



Chap, y.] 


NUTRITION. 


353 


more comparable to a selection of food than to anything else ; the 
cells appear to treat urea much in the Same way as they treat 
indigo-carmine (p. 325). The antecedents of the urea in the blood 
are, we may at present suppose, partly the kreatin formed in muscle 
and elsewhere, partly the leucin and other like bodies formed in the 
alimentary canal as well as in various tissues. The transformation of 
these bodies into urea may take place in the liver (and spleen), but 
wo have no exact proof of this, nor can wo say exactly in what way 
the transformation is effected. There is no proof of any body existing 
in the blood capable of effecting this transformation; and we may 
probably rest assured that in this, as in other metabolic events, the 
activity exercised in the change comes from some tissue, and cannot 
be manifested by simple blood plasma. 

Lastly, it is possible that the kidney may, besides the simpler 
duty of withdrawing ready formed urea from tlie blood, be exercised 
in transforming various nitrogenous crystalline bodies to serve as part 
of the supply of urea which passes from it. 

Uric Acid. This, like urea, is a normal constituent of urine, and, 
like urea, has been found in the blood, and in the liver and spleen ; 
we have already, p. 348, referred to its relations with this latter organ. 
In some animals, such as birds and most reptiles, it takes the place 
of urea. In various diseases the quantity^ in the urine is increased; 
and at times, as in gout, uric acic accumulates in the blood, and is 
deposited in the tissues. By oxidation a molecule of uric acid can 
be split up into two molecules of urea and a molecule of mesoxalic 
acid. It may therefore be spoken of as a less oxidized product of 
protcid metabolism than urea; but there is no evidence whatever to 
shew that the former is a necessary antecedent of the latter ; on the 
contrary, all the facts known go to shew that the appearance of uric 
acid is the result of a metabolism slightly diverging from that leading 
to urea. And we have no evidence to prove that the cause of the 
divergence lies in an insufficient supply of oxygen to the organism 
at large; on the contrary, uric acid occurs in the rapidly breathing 
birds, as well as in the more torpid reptiles. It has been urged* 
that birds, though breathing with great energy, yet consume oxygen 
to such an extent that in spite of their income they are always in 
lack of it ; but of this there is no proof, while the richness of their 
blood in red corpuscles points in the opposite direction. Nor can 
the fact that in the frog urea again replaces uric acid bo explained 
by reference to that animal having so large a cutaneous in addition 
to its pulmonary respiration. The final causes of the divergence are 
to be sought rather in the fact that urea is the form adapted to a 
fluid, and uric acid to a more solid excrement. 

^ It need hardly be pointed out that an increase in the quantity of nrio acid in the 
nrine must be distinguished from an increase in the prominence of uric add duo to the 
precipitation of its alkaline salts. 

> Odlmg, Lectures on Animal ChemUtry^ p. 144. 
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Hippuric Acid* In the urine of herbivora uric acid is for the 
most part absent, being replaced by hippuric acid. In the urine of 
omnivorous man, both acids may be present together. The history 
of the hippuric acid of urine is very instructive ; for though at first 
sight its presence might appear to indicate that the metabolism of 
the herbivora is in some points fundamentally different from that 
of carnivora, there can bo little doubt that the hippuric acid which 
appears in the urine of herbivora comes directly from the ingested 
food. Hippuric acid is a compound of benzoic acid and glycin ; and 
when benzoic acid is introduced into the stomach of an animal, 
whether herbivorous or not, it reappears not as benzoic but as hippuric 
acid. If previous to the injection the liver be excised, the benzoic 
acid passes out through the urine unchanged \ If the benzoic acid 
be injected slowly into the portal vein, it issues as hippuric acid ; if it 
be injected into the jugular, especially if it be injected rapidly, the 
greater portion passes out by the urine as unchanged benzoic acid. 
The explanation of these facts is obvious. The henzoic acid coming 
to the hepatic cells in the portal blood, meets there with a certain 
quantity of glycin ; with this it unites and thus becomes hippuric 
acid. Nitrobenzoic acid in a similar way becomes nitrohippuric acid, 
and many other bodies, by a like assumption of glycin, become con- 
jugated in their passage through the body. And it will be remem- 
bered that the two bile acids are conjugates of cholalic acid with 
glycin and taurin respectively. Now taurin is found ; t other tissues 
besides the liver, ex. gr. in muscles and in the lungs ; but glycin is 
not found preformed in any tissue, though it is readily obtained by 
the decomposition of proteids and of gelatine. It appears howeve r 
from the experiments just quoted that the conjugation with glycin 
can take place only in the liver ; there must therefore be disposable 
glycin always present in the liver ; yet it is not found in that organ 
in a free state. From this we learn in the first place that the ab- 
sence of a body in a free state from any tissue is no proof that the 
body may not be habitually formed in that tissue; and in the second 
place, that the conjugation with glycin is the result of some activity 
of the hepatic cells of such a kind that the glycin is produced in sucli 
quantities only as are wanted ; it is never present in excess, and so 
can never become free. 

Meissner and Shepard® however maintained that the transformation of 
benzoic into hippuric acid took place not so much in the liver as in the 
kidney; and Bunge and Schmiedeberg'* have brought forward experimental 
evidence to the same efiect. 

The knowledge of the fact that benzoic acid is thus converted 
into hippuric acid naturally suggested the idea that the food of her- 
bivora might contain either benzoic acid, or some allied body, and 
that the presence of hippuric acid as a normal constituent of urine 

1 Kulme 11 , Hallwaohs. Virchow's Archiv, xii. (1857) 386. 

• JJle Mtppurskuref Hannover, 1866. * Archio.f. Exp. Pathol, vi. (1876) 233, 
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might be thus accounted for. And Meissner and Shepard* have 
shewn that all the hippuric acid of herbivorous urine is in reality due 
to the presence in ordinary fodder (hay) of a particular constituent 
containing a benzoic residue ; when this constituent is withdrawn, 
the •hippuric acid disappears from the urine. They regarded this sub- 
stance as a particular form of cellulose; but this does not seem certain*. 

Of the meaning of the -appearance in the tissues of such bodies as 
xanthin, &c. and of the exact nature of the metabolism which they 
undergo, wo know nothing. We cannot say whether they are simply 
the accidental bye-products of nitrogenous metabolism, the result of 
imperfect chemical machinery; or whether they, though small in 
quantity, serve some special ends in the economy. 

Sec, 3. The Statistics op Nutrition, 

The preceding sections have shewn us how wholly impossible it 
is at present to master the metabolic phenomena of the body by 
attempting to trace out forwards or backwards the several changes 
undergone by the individual constituents of the food, the body or 
the waste products. Another method is however open to us, the 
statistical method. We may ascertain the total income and the 
total expenditure of the body during a given period, and by com- 
paring the two may be able to draw conclusions concerning the 
changes which must have taken place in the body while the income 
was being converted into the outcome. Many researches have of 
late years been carried out by this method ; but valuable as are the 
results which have been thereby gained, they must be received with 
caution, since in this method of inquiry a small error in the data 
may, in the process of calculation and inference, lead to most wrong 
conclusions. The great use of such inquiries is to suggest ideas, but 
the views to which they give rise need to be verified in other ways 
before they can acquire real worth. 

Composition of the Animal Body* The first datum we require 
is a knowledge of the composition of the body, as far as the relative 
proportion of the various tissues is concerned. In the human body, 
according to E. Bischoflf^ the chief tissues are found in the following 


proportions by weight : 

Adult man 
(aged 83). 

New-bom baby 
(boy). 

Skeleton 

15-9 p. c. 

17 7 p. c. 

Muscles 

41-8 „ 

22-9 „ 

Thoracic viscera 

1-7 „ 

80 „ 

Abdominal viscera 

7-2 „ 

11-5 „ 

Fat 

18-2 „ 

} 20-0 „ 

Skin 

6-9 „ 

Brain 

1-9 „ 

^ 15-8 „ 

1 Op. cit. • Cf. Weiske, Zt. f. Biol. xn. (1876) p. 241. 

^ Quoted by Bonke, GnmdzBj/e, p. 143. 
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An analysis of a cat gave Bidder and Schmidt^ the following: 


Muscles and tendons 

450 p. c. 

Bones 

14-7 „ 

Skin 

120 „ 

Mesentery and adipose tissue 

3-8 „ 

Liver 

4-8 „ 

Blood (escaping at death) 

60 „ 

Other organs and tissues 

13-7 „ 


One point of importance to be noticed in these analyses is that 
the skeletal muscles form nearly half the body ; and we have already 
seen (p. 31) that about a quarter of the total blood in the body is 
contained in them. We infer from this that a large part of the 
metabolism of the body is carried on in the muscles. Next to the 
muscles wo must place the liver, for though far less in bulk than 
them, it is subject to more active metabolism, as shewn by the fact 
that it alone holds about a quarter of the whole blood. 

The Starving Body. Before attempting to study the influence 
of food, it will be useml to ascertain what changes occur in a body 
when all food is withheld. Voit® found that a cat lost in a hunger 
period of 13 days 734 grammes of solid material, of which 248*8 were 
fat and 118*2 muscle, the remainder being derived from the other 
tissues. The percentage of dry solid matter lost by the more im- 
portant tissues during the period was as follows : 


Adipose tissue 

970 

Spleen 

631 

Liver 

56 ‘6 

Muscles 

302 

Blood 

17-0 

Brain and spinal cord 

00 


Thus the loss during starvation fell most heavily on the fat, indeed 
nearly the whole of this disappeared. Next to the fat, the glandular 
organs, the tissues which we have seen to be eminently metabolic, 
suffered most. Then come the muscles, that is to say, the skeletal 
muscles, for the loss in the heart was very trifling ; obviously this 
organ, on account of its importance in canying on the work of the 
economy, was spared as much as possible ; it was in fact fed on the 
rest of the body. The same remark applies to the brain and spinal 
cord; in order that life might be prolonged as much as possible, 
these important organs were nourished by material drawn from less 
noble organs and tissues. The blood suffered proportionally to the 
general body-waste, becoming gradually less in bulk but retaining 
the same specific gravity ; of the total dry proteid constituents of the 
body 17*3 p. c. was lost, which agrees very closely with the 17’6 p. c. 


^ DU VerdauungssUfte, p. 329. 


* KtJ. Biol. u. (1866) 807. 
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lost by the blood. It is worthy of remark that the tissues in general 
became more watery than in health. 

We may infer from these data the conclusions that metabolism is most 
active first in the adipose tissue, next in such metabolic tissues as the 
hepatic cells and spleen-pulp, then in the muscles, and so on; but these 
conclusions must be guarded by the reflection that because the loss of 
cardiac and nervous tissue was so small, we must not therefore infer that 
their metabolism was feeble; they may have undergone rapid metabolism, 
and yet have been preserved from loss of substance by their drawing upon 
other tissues for their material. 

During this starvation-period, tho urine contained in the form of 
urea (for, as we shall see, the other nitrogenous constituents of urine 
may for the most part be disregarded) 277 grammes of nitrogen. 
Now the amount of muscle whicli was lost during the period con- 
tained about 15*2 of nitrogen. Thus, more than half the nitrogen of 
tho outcome during the starvation-period must have come ultimately 
from the metabolism of muscular tissue. This is an important fact of 
which we shall be able to make use hereafter. Bidder and Schmidt^ 
came to the conclusion, from their observations on a starving cat, that 
tlie quantity of urea excreted per diem, in all but tlie earlier days of 
the inanition period, bore a fixed ratio to tlie body-weiglit. In tho 
first two or three days of tlie period, the daily quantity of urea was 
much greater than this. They were thus ](‘d to distinguish two 
sources of urea : a quantity arising from the functional activity of 
the whole body, and therefore bearing a fixed ratio to the body- 
weight, and continuing until near the close of life ; and a quantity 
arising from the amount of surplus nitrogenous or proteid material 
which happened to be stored up in the body at the commencement of 
the period, and which was rapidly got rid of. The latter tliey re- 
garded as not entering distinctly into the composition of the tissues, 
but as, so to speak, floating capital, upon which each or any of the 
tissues could draw. They spoke of its direct metabolism as a lacnis 
consumption. BischofF and Voit®, however, by means of more ex- 
tended observations, concluded that though tho urea of the first two 
or three days much exceeds that of the subsequent days of a starva- 
tion-period, no such fixed relation of urea to body-weight as that 
suggested by Bidder and Schmidt obtains ; but that the quantity 
which is passed is directly dependeut on the amount of proteid 
material present in the food during the days antecedent to tho 
commencement of the starvation period. This question of a luxus 
consumption is one to which we shall frequently have to refer. 

The Normal Diet. What is the proper diet for a given animal 
under given circumstances, can only be determined when the laws of 
nutrition are known. Meanwhile it is necessary to gain an approxi- 
mate idea of what may be considered as the normal diet for a body 

1 Die Verdauungssdftet 1852. 

* Die Gesetze d. Erndhrung de$ Fleitchfressers^ I860. 
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such as that of man under ordinary circumstances. This may be set- 
tled either by taking a very largo average, or by determining exactly 
the conditions of a particular case. In the table below is given both 
the average result obtained by Moleschott^ from a large number of 
public diets, and the diet on which Ranke* found himself in good 
health, neither losing nor gaining weight. 


Proteids 

Molescbott. 

30 

Bauke (weight 74 kUo;;). 
100 

Fat 

84 

100 

Amyloids 

404 

240 

Salts 

30 

25 

Water 

2800 

2600 


Of these two diets, which agree in many respects, that of Ranke 
is probably the better one, since in public diets, from which Mole- 
schott’s table is drawn, the cheaper carbohydrates are used to the ex- 
clusion of the dearer fats. 

Comparison of Income and Outcome. 

Method. We have now to inquire how the elements of such a 
diet arc distributed in the excreta, in order that, from the manner of 
tlie distribution, we may infer the nature of the intermediate stages 
which take place within the body. By comparing thf ingesta with 
the excreta, we shall learn what elements have been retained in the 
body, and what elements appear in the excreta which were not 
})resent in the food ; from these we may infer the changes which the 
body has undergone through the influence of the food. 

In the first place, the real income must be distinguished from 
the apparent one by the subtraction of the faeces. We have seen 
that by far the greater part of the faeces is undigested matter, i,e. 
food which, though placed in the alimentary canal, has not really 
citered into the body. The share in the faeces taken up by matter 
which has been excreted from the blood by the alimentary canal, is 
so small that it may be neglected ; certainly with regard to nitrogen, 
the whole quantity of this element, which is present in the faeces, 
may be regarded as indicating simply undigested nitrogenous matter. 

In comparing the income and outcome of a given period great diflBiculty 
is often found in determining whether the faeces passed in the early days 
of the period belong to the income of the period, or are the remains of 
food taken before. The difficulty, however, is frequently lightened when 
the diet of the experimental period differs from the foregoing diet. Thus 
in the dog, the faeces of a bread diet may easily be distinguished from 
those of a meat diet. 

The income, thus corrected, will consist of so much nitrogen, 
carbon, hydrogen, oxygen, sulphur, phosphorus, saline matters, and 

^ Lie Nahrungmitteh p. 216. * Tetanus, p. 249 ; QrundzUge, p. 158. 
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water, contained in the proteids, fats, carbo-hydrates, salts, and water of 
the food, together with the oxygen absorbed by the lungs, skin, and 
alimentary canal. The outcome will consist of (1) the respiratory 
products of the lungs, skin, and alimentary canal, consisting chiefly 
of carbonic acid and water, with small quantities of hydrogen and 
carburetted hydrogen, these two latter coming exclusively from the 
alimentary canal; (2) of perspiration, consisting chiefly of water 
and salts, for wo shall neglect the dubious excretion (see p. 313) of 
urea by the skin, and the other organic constituents of sweat amount 
to very little ; and (3) of the urine, which contains practically all the 
nitrogen really excreted by the body, as well as a large (][uantity of 
.saline matters, and of water. Where complete accuracy is required 
the total nitrogen of the urine ought to be determined ; it is found, 
liowever, that no errors of serious importance arise when the urea 
alone, as determined by Liebig’s method, is taken as the measure 
of the total quantity of nitrogen in the urine. 

It has been and indeed still is debated whether the body may not 
Rufier loss of nitrogen by other channels than by the urine. The balance 
of evidence seems distinctly against such a view. While Boussingault, 
lleiset and Barral found a deficiency in the urinary nitrogen as compared 
with that in the income, Bidder and Schmidt, Bischoff and Voit, lianke, 
Ifonneborg and others came to a different conclusion, which is perhaps 
most clearly shewn in the observations of Voifc on a pigeon \ 

Of these elements of the income and outcome, the nitrogen, the car- 
bon, and the free oxygen of respiration are by far the most important. 
Since water is of use to the body for merely mechanical purposes, 
and not solely as food in the strict sense of the word, the hydrogen 
element becomes a dubious one ; the sulphur of the proteids, and the 
phosphorus of the fats, are insignificant in amount ; while the saline 
inatters stand on a wholly different footing from the other parts of 
food, inasmuch as they are not sources of energy, and pass through 
the body with comparatively little change. The body-weight must 
of course be carefully ascertained at the beginning and at the end of 
the period, correction being made where possible for the focces. 

It will be seen that the labour of such inquiries is considerable. 
The urine, which must be carefully kept separate from the fioeces, re- 
rjuires daily measurement and analysis. Any loss by the skin, either 
in the form of sweat, or, in the case of woolly animals, of hair, must 
be estimated or accounted for. The food of the period must be 
ns far as possible uniform in character, in order that the analyses 
of specimens may serve faithfully for calculations involving the 
whole quantity of food taken ; and this is especially the case when 
the diet is a meat one, since portions of meat differ so much from 
each other. But the greatest difficulty of all lies in the estimation of 
the carbonic acid produced and the oxygen consumed. In the earlier 
researches, such as those of Bischoff and Voit, this element was 

1 Ann. Chm. Pham. Suppl. ii. 1868. 
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neglected and the variations occurring were simply guessed at, 
through which very serious errors were introduced. No comparison 
of income and outcome can be considered satisfactory unless the car- 
bonic acid produced be directly measured by means of a respiration 
chamber, ' 

Pettenkofer and Yoit' were the first to make use on a large scale of this 
means of inquiry. Their apparatus consists essentially of a large air-tight 
chamber, ca]>ahle of lidding a man comfortably. By means of a steam 
engine a current of air, measured by a gasometer, is drawn through the 
chamber. Measured portions of the outgoing air are from time to time 
withdrawn and analysed; and from the data afforded by these analyses, 
the amount of carbonic acid (and other gases) given off by the occupant of 
the chamber during a given time is determined. The apparatus works 
so well that Pettenkofer and Yoit were able almost exactly to recover the 
elements produced by the burning of a stearin candle in the chamber; 
the error did not amount to more than ‘3 per cent. 

If the total amount of carbonic acid and water given out by the 
lungs be known, as well as the amount of urine and faeces, then the 
quantity of oxygen can be easily calculated. For evidently the 
difference between the terminal weight plus all the egesta and the 
initial weight plus all the ingesta can be nothing else than the 
weight of the oxygen absorbed during the period. 

Let us imagine, then, an experiment of this kind to have been 
completely carried out, that the animaFs initial and terminal weights 
have been accurately determined, the composition of the food satis- 
factorily known to consist of so much proteid, fat, carbohydrates, salts, 
and water, and to contain so much nitrogen and carbon, the weight of 
the faeces and the nitrogen they contain ascertained, the nitrogen of 
the urine determined, the carbonic acid given off by the whole body 
carefully measured, and the amount of oxygen absorbed calculated 
— what interpretation can be placed on the results ? 

Let us suppose that the animal has gained w in weight during the 
period. Of what does w consist ? Is it fat or proteid material which 
has been laid on, or simply water which has been retained, or some 
of one and of the other ? Let us further suppose that the nitrogen 
of the urine passed during the period is less, say by x grammes, than 
the nitrogen in the food taken, of course after deduction of the nitro- 
gen in the faeces. This means that x grammes of nitrogen have been 
retained in the body ; and we may with reason infer that they have 
been retained in the form of proteid material We may even go 
farther and say that they are retained in the form of flesh, i.e, of 
muscle. In this inference we are going somewhat beyond our tether, 
for the nitrogen might be stored up as hepatic, or splenic, or any 
other form of protoplasm. Indeed it might be for the while retained 
in the form of some nitrogenous crystalline body ; but this last event 
is unlikely; and if we use the word ‘flesh' to mean protoplasm of 


1 Am. Chm, Pham, Snppl. n. 1868 . 
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any kind, contractile or metabolic, or of any other kind, we may with- 
out fear of error reckon the deficiency of x grammes nitrogen as 
indicating the storing up of a grammes flesh. There still remains 
a grammes of increase to be accounted for. Let us suppose that 
the liotal carbon of the egesta has been found to be y grammes less 
than that of the ingesta ; in other words, that y grammes of carbon 
have been stored up. Some carbon has been stored up in the flesh 
with the nitrogen just considered; this we must deduct from y, and 
we shall then have y' grammes of carbon to account for. Now there 
are only two principal forms in which carbon can be stored up in the 
body: as glycogen or as fat. The former is even in most favourable 
cases inconsiderable, and we therefore cannot err greatly if we con- 
sider the retention of y' grammes carbon as indicating the laying on 
of b grammes fat. If a -f 6 are found equal to w, then the whole 
change in the economy is known; w— leaves a residue c, 

we infer that in addition to the laying on of flesh and fat some water 
has been retained in the system. If — (a + 5) gives a negative 
quantity, then water must have been given off at the same time that 
flesh and fat were laid on. In a similar way the nature of a loss of 
weight can be ascertained, whether of flesh, or fat, or of water, and to 
what extent of each. The careful comparison, the debtor and creditor 
account of income and outcome, enables us, with the cautions rendered 
necessary by the assumptions Just now mentioned, to infer the nature 
and extent of the bodily changes. The results thus gained ought of 
course to agree with the amount of oxygen consumed, and if an ac- 
count is kept of the water, this also ought to tally with the conclu- 
sions arrived at concerning the retention and the reverse of water. 

Having thus studied the method and seen its weakness as well 
as its strength, we may briefly review the results which have been 
obtained by its means. 

Nitrogenous Metabolism. When a diet of lean meat, as free as 
possible from fat, is given to a dog, which has previously been de- 
prived of food for some time, and whose body therefore is greatly 
deficient in flesh, it might be expected that the great mass of food 
would be at once stored up, and only a small quantity be imme^ 
diately worked off as an additional quantity of urea, occasioned by 
the increased labour thrown on the economy by the very presence 
of the food. This however is not the case ; the larger portion passes 
off as urea at once, and onljr a comparatively small quantity is re- 
tained. If the diet be continued, and we are supposing the meals 
given to be ample ones, the proportion of the nitrogen which is given 
off in the form of urea goes on increasing until at last a condition is 
established in which the nitrogen of the egesta exactly equals that 
of the ingesta. This condition, which is spoken of as nitrogenous 
equilibrium, is attained in dogs with an exclusively meat diet only 
when large quantities of food are given, and is not easily maintained 
for any length of time. The exact quantity of meat required to 
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attain nitrogenous equilibrium varies with the previous condition 
of the dog ; it is frequently seen when 1500 or 1800 grms. of meat 
are given daily. Thus the most striking effect of a purely nitro- 
genous diet is largely to increase the nitrogenous metabolism of the 
body. This result can partly be explained by the fact that 'with 
the meat diet the consumption of oxygen is largely increased ; in 
other words, that the oxidizing activity of the body is directly aug- 
mented by a meat diet. This in turn may be due in part to the fact 
that proteid food largely increases the number of the red coipuscles, 
and so augments the amount of oxygen with which the tissues are 
supplied ; but probably other agencies are at work. 

When nitrogenous equilibrium is established, it does not moan 
that a body-equilibrium is established, that the body-weight neither 
increases nor diminishes. On the contrary, when the meal necessary 
to balance the nitrogen is a large one, the body may gain in weight, 
and the increase is proved, both by calculation from the income and 
outcome, and by actual examination of the body, to bo due to the 
laying on of fat. The amount so stored up may be far greater than 
can possibly be accounted for by any fat still adhering to the meat 
given as food. We are therefore driven to the conclusion that the 
proteid food is split into a urea moiety and a fatty moiety, that the 
urea moiety is at once discharged, and that such of the fat as is not 
made use of directly by the body is stored up as adipose tissue. And 
this disruption of the proteid food at the same time explains why 
the meat diet so largely and immediately increases the urea of the 
egesta. We have already pointed out that possibly this disruptive 
metabolism of proteids is largely carried on in the alimentary canal 
itself by the aid of the pancreatic juice ; whether or to what extent 
other organs share in the action we do not at present know. 

Voit and others with him speak in the most decided way of the proteids 
of the body as existing in two forms : organ-tissue proteid and circulating 
or blood proteid. They regard the former as entering into the formation 
of the tissues and undergoing functional metabolism, the latter as simply 
tarrying in the blood and undergoing a direct oxidative metabolism. It 
is of course the latter alone which suffers the luxus consumption. To 
these two Voit has been led to add a third, or intermediate proteid, viz. 
store or surplus proteid, whicli is more labile than tissue proteid and yet 
more stable than the circulating proteid. We have again and again 
insisted in the course of this work that the oxidations of the body' take 
])lace not in the blood but in the tissues; and are consequently pre- 
j>ared to reject Voit^s conclusions unless evidence of a strictly positive cha- 
i*acter can be offered in their favour. Ko such evidence however is forth- 
coming^; the most that can be said in favoiu: of them is that they afford an 
easy explanation of the phenomena of proteid metabolism; on the other 
hand, if we admit a large luxus consumption in the alimentary canal, the 
remaining phenomena can be explained without ^throwing on the tissues 
what may appear too heavy a metabolic task. And in speaking of the 


1 Cf. Hoppe-Seylor, PflUger’s Archiv, vn. (1873) 899. 
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metabolism of any tissue it must be remembered that the metabolic changes 
need not necessarily involve the so-called structural elements. A fat-cell 
may probably accumulate in and discharge from its protoplasm a consider- 
able quantity of fat without the morphological relations of the cell under- 
going,any marked change; and we can readily imagine that a tissue may 
suffer partial disintegration and re-integration without any interference with 
its morphological fiimework. Our knowledge however of this matter is 
very imperfect; we know that when a muscle contracts it loses some of its 
substance, but we do not at all know which parts of the fibre bear the loss. 

The characteristic metabolic effects of proteid food are shewn not 
only by these calculations of what is supposed to take place in tlie 
body, but also by direct analysis. Lawes and Gilbert^ laboriously 
analysing the body of a pig, which had been fed on a known diet, 
and comparing the analysis with that of another pig of the same 
litter, killed at the time when the first was put on the fixed 
diet, found that of the dry nitrogenous material of the food only 
p. c. was laid up as dry proteid material during the fattening 
period, though the amount of proteid food was low; in the sheep the 
increase was only 414 p. c. 

The Effects of Patty and of Carbohydrate Pood, Unlike those 
of proteid food, the effects of fats and carbohydrates cannot be 
studied alone. When an animal is fed simply on non-nitrogenous 
food, death soon takes place; the food rapidly ceases to bo digested, 
and starvation ensues. Wo can therefore only study the dietetic 
effects of these substances when taken in connection with proteid 
material. 

When a small quantity of fat is taken, in company with a fixed 
moderate quantity of proteid material, the whole of the carbon of the 
food reappears in the egesta. No fat is stored up, some even of 
the previously existing fat of the body may be consumed. As 
the fat of the meal is increased, a point is soon reached at which 
carbon is retained in the body as fat. So also with starch or sugar. 
When the quantity of this is small, there is no retention of carbon; 
as soon however as it is increased beyond a certain limit, carbon is 
stored up in the form of fat or, to a smaller extent, as glycogen. Fats 
and carbohydrates therefore differ essentially from proteid food in 
that they are not distinctly provocative of metabolism. This is ex- 
ceedingly well shewn in the results of Lawes and Gilbert, for in the 
pig previously mentioned 472 parts of fat were stored up for every 
100 parts of fat in the food, and of the total dry non-nitrogenous 
food 21*2 p. c. was retained in the body as fat. No clearer proof than 
this could be afforded that fat is formed in the body out of something 
which is not fat. 

Pettenkofer and Yoit* came to the conclusion that, marked as was the 
difference between 2 )roteid and non-nitrogenous food as regards the in- 


1 PhiU Trans, 1859, Part 2. 


* Zt.f, Biol, JX, 
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crease of metabolism, fat did nevertheless to a certain extent behave like 
proteids ; when an excess of fat was given the consumption of carbon in 
the body was increased, so that only a poitiion (though a large portion) of 
the excess of fat in the food was stored up. 

As one might imagine, the presence of fat or carbohydrates in the 
food was found to check proteid metabolism ; nitrogenous equilibrium 
was established with a much less expenditure of proteid food. For in- 
stance, with a diet of 800 grms. meat and 150 grms. fat, the nitrogen 
in the egesta became equal to that in the ingesta in a dog, in whose 
case 1800 grms. meat would have to be given to produce the same 
result in the absence of fats or carbohydrates. 

On the other hand, it was found, with a fixed quantity of fatty or 
carbohydrate food, an increase of the accompanying proteid led not 
to a storing up of the surplus carbon contained in the extra quantity 
of proteid, but to an increase in the consumption of carbon. Proteid 
food increases not only proteid but also non-nitrogenous metabolism. 
This explains how an excess of proteid food may, by the increase of 
metabolism, actually reduce the fat of the body, as is exemplified in 
the dietetic system known as that of Mr Banting. This is intelli- 
gible when we remember that proteid food largely increases the 
oxidations of the body. 

There can be no doubt then that both a proteid diet and a 
carbohydrate diet may give rise to the formation of fat within the 
body. And the question which we have already 342) partly dis- 
cussed comes again before us. In what way is this fat so formed? Is 
the sugar, arising during digestion from the carbohydrate, converted 
by a series of fermentative changes into fat? or is the sugar directly 
consumed by the tissues in oxidative changes, by which means the 
fatty derivatives of the metabolized proteids are sheltered from oxi- 
dation and stored up as fat ? What light does the statistical method 
throw on this vexed question ? Weiske and Wildt^ have attempted 
to settle it. They took two young pigs of the same litter ; one they 
killed and analysed as a standard of comparison. The other they fed 
for six months on known food (chiefly potatoes) and then killed 
and analysed it. Supposing that the fattened pig had to start with 
the same composition as the other, they calculated that it had stored 
up 5*5 kilos of fat. During the six months it had consumed 14*3 
kilos of proteid material, of which it had stored up 1*3 kilos and 
metabolized 13 kilos. On the supposition that the metabolism of 
this 13 kilos consisted in its being split up into a urea and a fatty 
moiety, about 6 kilos of fat would thus have been produced. In 
other w’ords, more than the fat actually stored up might have come 
from the proteid of the food. This of course does not prove that this 
was its actual source ; and on the other hand Lawes and Gilbert* 
found that in the case of two pigs fed ad libitum on Indian com and 

1 Zt.f. Biol. X. 

■ “ Sources of Fat of Animal Body,” Bhil. Mag. Deo. 1866. See also Joum. AnaU 
and Phys. xi. (1877) p. 677. 
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barley-meal respectively, as much as 40 per cent, of the fat produced 
and stored up in the body could not have come from the metabolized 
proteids of the food In spite of the analogy of mammary metabolism 
(see p. 346), we may conclude that some fat may come direct from 
carbohydrate food. 

Lawes and Gilbert urge very justly that Weiske and Wildt, in the 
experiment just quoted, did not use a sufficiently fattening diet, and in 
another experiment used too much nitrogen. They state that if a pig were 
fed on a rich barley-meal diet so that it doubled its weight in about eight or 
ten weeks, the amount of proteid metabolized, in spite of the diet being 
richer in i)roteid material than are potatoes, would probably be insuffi- 
cient to account for the fat stored up. This question is from a dietetic 
})oiut of view one of extrtjme importance ; for if all stored fat does come 
from j^roteid food, then all fattening food must contain a due proportion 
of it. 

We have at present no exact information concerning the nutritive 
differences between fats and carbohydrates, beyond the fact that in 
the final combustion of the two, while carbohydrates require sufficient 
oxygen only to combine with their carbon, there being already suffi- 
cient oxygen in the carbohydrate itself to form water with the hydro- 
gen present, fats require in addition oxygen to burn off some of their 
hydrogen. Hence in herbivora a larger portion of the oxygen con- 
sumed reappears in the carbonic acid of the egesta, than in carnivora, 
whe]:o more of it leaves the body as formed water ; the proportions 
of the oxygen in the carbonic acid expired to the oxygen consumed 
being on an average 90 p. c. in the former and 60 p. c. in the latter. 
When a herbivorous animal starves, it feeds on its own fat, and under 
these circumstances the oxygen proportion in the expired carbonic 
acid falls to the carnivorous standard. The carbohydrates are notably 
more digestible than the fats, but on the other hand the fats contain 
more potential energy in a given weight. As to the difference be- 
tween starch and sugar, we know nothing very definite, and all carbo- 
liydrates seem to be converted into grape-sugar before entering into 
the blood. Lawes and Gilbert^ found that cane-sugar was rather 
more fattening than starch. 

The Effects of (Gelatine Food* It is a matter of common experi- 
ence that gelatine will not supply the place of proteids as a constitu- 
ent of food. Animals fed on gelatine with fat or carbohydrates die 
very much in the same way as when they are fed on non-nitrogenous 
material alone. Nevertheless the researches of Voit* shew, as might 
be expected, that the presence of gelatine in food is not without efiect. 
According to him nitrogenous equilibrium is established at a lower 
level of proteid food when gelatine is added. Thus the nitrogen of 
the ingesta and egesta .became equal in a dog on a ration of 400gTms. 
proteid and 200 grms. gelatine. A dog moreover uses up less of the 


1 BriU Asioe, BeportSf 1854. 


* Zt.I Biol, Yin, 297. 



366 


SA^TS AS FOOD. 


[Book ii. 


nitrogen of the body on a diet of gelatine and fat, than on a diet of 
fat alone; and the consumption of fat also seems to be lessened by 
the presence of gelatine. All these facts become intelligible if we 
suppose that gelatine is rapidly split up into a urea and a fat moiety, 
in the same way that we have seen a certain quantity of p^oteid 
material to bo. It is this direct metabolism of proteid matter which 
gelatine can take up ; it seems however unable to imitate the other 
function of proteid matter, and to take part in the formation of living 
protoplasm. What is the cause of this difference, we cannot at 
present say. 

The Effects of Salts as Food. All food contains, besides the 
potential substances which we have just studied, certain saline 
matters organic and inorganic, having in themselves little or no 
latent energy, but yet either absolutely necessary or highly beneficial 
to the body. These must have important functions in directing* the 
metabolism of the body: the striking distribution of them in the 
tissues, the preponderance of sodium and chlorides in blood-serum 
and of potassium and phosphates in the red corpuscles for instance, 
must have some meaning; but at present we are in the dark con- 
cerning it. The element phosphorus seems no less important from a 
biological point of view than carbon or nitrogen. It is as absolutely 
essential for the growth of a lowly being like Penicillium as for man 
himself. We find it probably playing an important part as the con- 
spicuous constituent of lecithin, we find it peculiarly associated with 
the proteids, apparently in the form of phosphates; but wo cannot 
explain its rdle. The element sulphur, again, is only second to phos- 
phorus, and we find it as a constituent of nearly all proteids ; but we 
cannot tell what exactly would happen to the economy if all the 
sulphur of the food were withdrawn. We know that the various 
saline matters are essential to health, that when they are not 
present in proper proportions, nutrition is affected, as is shewn by 
certain forms of scurvy ; we are aware of the peculiar dependence of 
proteid qualities on the presence of salts ; but beyond this we know 
very little. 


Sec. 4, The Energy of the Body. 

Broadly speaking, the animal body is a machine for converting 
potential into actual energy. The potential energy is supplied by 
food; this the metabolism of the body converts into the actual 
energy of heat and mechanical labour. Wo have in the present sec- 
tion to study what is known of the laws of this conversion, and of 
the distribution of the energy set free. 

The Income of Energy. 

Neglecting all subsidiary and unimportant sources of energy, we 
may say that the income of animal energy consists in the oxidation 
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of food into its waste products, viz. the oxidation of proteids into 
urea and carbonic acid, of fats into carbonic acid and water, and of 
carbohydrates into carbonic acid. Taking as our guide the principle 
laid down by the chemist, that the potential energy of any body, con- 
sidered in relation to any chemical change in it, is the same when the 
final*result is the same, whether that result be gained at one leap 
or by a series of steps — that, for instance, the energy sot free by the 
oxidation of 1 grm. of fat into carbonic acid and water is the same, 
whatever the changes forwards or backwards which the fat undergoes 
before it finally reaches the stage of carbonic acid and water ; and 
similarly, that the energy available for the body in 1 grm. of dry 
proteid is the energy given out by the complete combustion of that 
1 grm., less the energy given out by the complete combustion of that 
quantity of urea to which the 1 grm. of proteid gives rise in the 
body — we may easily calculate the total energy of any diet. Frank- 
land^ has supplied the following data, given both in gramme-degree C 
units of heat, and metre-kilogramme units of force. 


Tho direct oxidation of tho gives rise to 

following, dried at 100^^ C. gram.-deg. met.-ldlo. 


1 grm. Beef-fat 

9069 

3841 

1 grm. Butter 

7264 

3077 

1 grm. Arrowroot 

3912 

1657 

1 grm. Beef-muscle purified with ether 

5103 

2161 

1 grm. Urea 

2206 

934 


Supposing that all the nitrogen of proteid food goes out as urea, 
1 grm. of dry proteid, such as dried beef-muscle, would give rise to 


about J grm. of urea ; hence 

gram.-deg. 

met.-kilo. 

1 grm. Proteid 
less 

5103 

2161 

J grm. Urea 
would give as 

735 

311 

Available energy of Proteid 

4368 

1850 

In a normal diet, such as Ranke's, p. 

358, would be found : 



gram.-deg. 

met. -kilo. 

100 grm. Proteid 

436800 

185000 

100 grm. Fat 

906900 

384100 

240 grm. Starch 

938880 

397680 

Total Income 

2281580 

966780 


or in round numbers, one million metre-kilogrammes. 


^ Phil. Mag. sxsxi. p. 182, 
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The Expenditure. 

There are only two ways in which energy is set free from the 
bodj^ — mechanical labour and heat. The body loses energy in pro- 
ducing muscular work, as in locomotion, in all kinds of labour, iji the 
movements of the air in respiration and speech, and, though to a 
hardly recognisable extent, in the movements of the air or contiguous 
bodies by the pulsations of the vascular system. The body loses 
energy in the form of heat by conduction, radiation, by respiration 
and perspiration — in fact, by the warming of all the egesta. All the 
internal work of the body, all the mechanical labour of the internal 
muscular mechanisms with their accompanying friction, all the mole- 
cular labour of the nervous and other tissues, is converted into heat 
before it leaves the body. The most intense mental action, unac- 
companied by any muscular manifestations, the most energetic 
action of the heart or of the bowels, with the slight exceptions men- 
tioned above, the busiest activity of the secreting or metabolic tis- 
sues, all these end simply in augmenting the expenditure of income 
in the form of heat. 

A normal daily expenditure in the way of mechanical labour 
can be easily determined by observation. Whether the work take 
on the form of walking, or of driving a machine, or of any kind 
of muscular toil, a good day’s work may bo put down at about 
150,000 metre-kilogrammes. The normal daily ^penditure in 
the way of heat cannot be so readily determined. Direct calori- 
metric observations are attended with this difficulty, that the body 
while within the calorimeter is placed in abnormal conditions, which 
produce an abnormal metabolism. Hence results arrived at by this 
method are of little value unless they be accompanied by a com- 
parison of the egesta and ingesta, so that the rate and nature of the 
metabolism going on may be known. Many attempts have been 
made to calculate the amount in an indirect manner. As trust- 
worthy as any is the plan of simply subtracting the normal daily 
mechanical expenditure from the normal daily income. Thus, 
150,000 m.-k. subtracted from one million m.-k. gives 850,000 m.-k. 
as the daily expenditure in the form of heat ; i. e. between one-fifth 
and one-sixth of the total income is expended as mechanical labour, 
the remaining four-fifths or five-sixths leaving the body in the form 
of heat. 

The Sources of Muscular Buergy. Liebig, satisfied with having 
proved that the animal body was constructive as far as the formation 
of fat was concerned, held to the distinction between nitrogenous or 
plastic and non-nitrogenous or respiratory food. Put broadly, his 
view was that all the nitrogenous food went to build up the proteid 
tissues, the muscular flesh, and other forms of protoplasm, and that 
the nitrogenous egesta arose solely from the functional metabolism of 
these tissues, while the non-nitrogenous food was used with equal 
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exclusiveness for respiratory or calorific purposes, being either di- 
rectly oxidised in the blood, or if present in excess, stored up as 
fatty tissue. According to him the two classes of income corresponded 
exactly td^ihe two forms of expenditure. We have already urged 
several objections against this view. We have seen that in the blood 
itself very little oxidation takes place, that it is the active tissue, and 
not the passive blood-plasma, which is the seat of oxidation. We 
have further seen that proteid food may undoubtedly be in Liebig’s 
sense respiratory, and incidentally give rise to the storing up of fat. 
One division of Liebig’s view is thereby overthrown. We have now 
to inquire whether the other division holds good, whether muscle or 
other protoplasm is fed exclusively on the proteid material of food, 
and whether muscular energy comes exclusively from the metabolism 
of the proteid constituents of muscle. We have already seen (p. 58) 
that when the muscle itself is examined, we find no proof of 
nitrogenous waste, but, on the other hand, clear evidence of the pro- 
duction of non-nitrogenous bodies, such as carbonic and lactic acid. 
We have now to ask the question. Docs muscular exercise increase 
the urea given off by the body as a whole ? For this, according to 
Liebig’s theory, it certainly ought to do. Conflicting evidence has 
been offered on this point ; but by far the strongest and clearest is 
that which gives a negative answer. 

In addition to the careful observations of Lawes and Gilbert, Edward 
Smith, Ranke, Voit and others, the long-continued and admirable inquiries 
of Parkes^ are esi)ecially deserving of attention. This observer determined 
both the total nitrogen of the urino and of the faeces, so that no possible 
source of error could lie in this direction; and examined the effect of exercise, 
slight and severe, on both a non-nitrogenous and on a mixed nitrogenous 
diet. He found no marked increase in the urea, but often a diminution, 
during the exercise, though subsequently a slight increase took place. This 
after-increase possibly had nothing to do with the muscles in particular, but 
was the result of the exercise on the body at large. 

The results of Flint*, gained by observations on a celebrated pedes- 
trian, rather illustrate the effects of protracted exercise on general proteid 
metabolism under a rich diet than contradict the more exact inquiries of 
Parkes, 

More than this, the experience of Fick and Wislicenus® lands us 
in an absurdity if we suppose the whole energy of muscular work to 
arise from proteid metabolism. They performed a certain amount of 
work (an ascent of the Faulhorn) on a non-nitrogenous diet, and 
estimated the amount of urea passed during the period. Assuming 
the urea to represent the oxidation of so much proteid matter, which 
oxidation represented in turn so much energy set free, they found 
that whereas the actual work done amounted to 129*096 and 148*656 
metre-kilos, for each respectively, the total energy available from 

1 Proc. Roy. Soc. xv. (1867) p. 889; xvi. p. 44 ; xix. p. 849; xi. p. 402, 

* Joum. Anat. Phys. Vol. xi. (1876) ; xii. (1877). 

« Phil Mag. xxxi. (1866) p. 486. 
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proteid metabolism during tbe period was in the case of the first 
68*69, and of the second 68*376 metre-kilos. That is to say, the 
energy set free by the proteid metabolism of the muscles engaged in 
the work was at the most far less than that necessary to accomplish 
the work actually done. Their muscular energy therefore must have 
had other sources than proteid metabolism. 

The total nitrogen excreted was estimated (A) for 12 hours previous to 
the commencement of the labour, (B) for the period of the labour, and 
(C) for six hours succeeding the labour; the latter in order that there 
might be no possible retention within the body of the urea formed during 
the labour period. 


A. 

B. 
0 . 
B. 


C. 


The total nitrogen excreted. 

In 12 hours before the labour 

In 3 hours labour 

In 6 horn's rest after labour 

Corres])onds in dry proteid sub- 
stance consumed into urea 


to 


)> » ff 


The total proteid consumed therefore during) 

and after labour was ) 

The oxidation of these within the body to) 

urea, would produce in metre-kilos / 

Whereas the actual work done was, also in) 
metre-ldlos f 


Pick. 

Wislicenus. 

6’91 grm. 
3-31 

6-68 grm. 
3-13 

2-43 

2-42 

20-98 

20-89 

16-19 

16-11 

37-17 

37-00 

66-690 

68-376 

129-096 

148-656 


The argument may be made still stronger by the following considera- 
tions. A large internal amount of muscular energy, that of the vascular 
and respiratory mechanisms, did not appear in the work done, being trans- 
formed into heat before it left the body. On the supposition that this 
muscular energy also arose from proteid metabolism, we must add to the 
above estimate of work done, quantities calculated to have been in the case 
of Fick 30,541, of Wislicenus 35,631, metre-kilos, bringing up the totals 
to 159,637, and 184,287, respectively. But even this is not all. Supposing 
that the whole energy set free by a muscular contraction arises from 
proteid metabolism, since some of this energy goes out directly as heat, 
we must add to the above estimate of mechanical work, the work which 
might have been done by the heat given out at the same time. Heidenhain 
calculates that while of the total energy of the body takes on the 
form of heat, the share of the energy set free in the contraction of any 
individual muscle which must be reckoned as heat amounts to about half. 
Hence the sums given above must be doubled ; so that the real contrast is 
between 319,274 and 368,574 metre*kilos of actual energy expended on 
the one hand and 66,690 and 68,376 metre-kilos of energy available 
through proteid metabolism on the other. 

That on the contrary the production of carbonic acid is at once 
and largely increased by muscular exercise is beyond all doubt. One 
hour’s hard labour will increase the quantity of carbonic acid given 
off fivefold within the hour. And Pettenkofer and Voit found that a 
man in 24 hours consumed 954 grms. oxygen and produced 1284 grms. 
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carbonic acid when doing work, as against 708 grms. oxygen consumed, 
and 911 gnus, carbonic acid produced, when remaining at rest, the 
quantity of urea secreted being in the first case 37 grms., in the 
second 37*2 grms. 

These observers found that the production of carbonic acid was very 
distinctly diminished, and the consumption of oxygen increased, during the 
night as compared with the day. Thus the 1284’2 grms. of carbonic acid 
of the whole period of 24 hours was furnished by 884-G grms. given out 
between 6 a.m. and 6 p.m., and 399*6 grms. between 6 p.m. and C A.2kL 
Similarly, of the 954*5 gims. oxygen 294*8 grms. were taken in between 
6 A.M. and 6 p.m., and 659*7 grms. between 6 p.m. and 6 a.m. These figures 
very strikingly indicate the independence of muscular contraction and 
immediate oxidation. There is no satisfactory proof that the time of day 
influences either the production of carbonic acid or the consumption of 
oxygen otherwise than by daylight being the natural time for work. 

It is evident that the conclusions arrived at by the statistical 
method entirely corroborate those gained by an examination of 
muscle itself, viz. that during muscular contraction an explosive 
decomposition takes place, the non-nitrogen ous products of which 
alone escape from the muscle and from the body, any nitrogenous 
products which result being retained within the muscle. We must 
therefore reject the second as well as the first division of Liebig's 
view, that the muscle is fed exclusively on proteid material, and that 
its energy arises from proteid metabolism. 

Wo must, however, guard ourselves against rushing into the extreme 
opinion that a muscle is simply a machine for getting work out of the 
oxidation of non-nitrogenous food. The hypothesis advanced at p, 81 con- 
cerning the re-entrance of the nitrogenous products of metabolism into the 
composition of the nascent contractile substance, is undoubtedly a very 
rough and provisional idea. But if it means anything it means this, that 
tlje decomposition which gives rise to the carbonic and lactic acid, is a 
decomposition of the whole contractile substance and not of any non- 
nitrogenouS' portion of it, and that before a fresh decomposition can take 
])lace the whole complex explosive contractile material has to be made 
anew, and not simply a non-nitrogenous gap filled up. And this is 
probably true, not of muscular tissue only, but of all forms of active 
protoplasm however otherwise modified. It is, as we have seen, not 
in the case of muscle alone that the oxygen disappears into the molecular 
recesses of the tissue to reappear again in oxidized products whose oxi- 
dation does not take place at the moment of their production. Wo have 
more than once insisted that the oxidations of the body, in general at 
least, are oxidations by the tissues, and are oxidations in which the oxygen 
is first absorbed and made latent by the physiological actions of the 
protoplasm. In the at present unknown molecular actions, by which the 
raw material of the protoplasm is united with the absorbed oxygen in the 
manufacture of the explosive material, nitrogenous compounds evidently 
play a peculiar part. This is clearly shewn by the metabolic activity of 
proteid matters illustrated in the previous section. Indeed the whole 
secret of life may almost be said to be wrapped up in the occult properties 

24—2 



372 


BODILY HEAT. 


[Book il 


of certain nitrogen compounds; and Pflttger* has drawn some very sugges- 
tive comparisons between the so*called chemical propeiiies of the cyanogen 
compounds, and the so-called vital properties of protoplasm. If we admit 
that the energy of muscular contraction (and with that the energy of all 
other vital manifestations) arises from an explosive decomposition of a 
complex substance, which we may call real protoplasm, and that this com- 
plex protoplasm is capable of reconstruction within limits which, as we 
urged at p. 343, may be very wide, we acquire a conception of physiological 
processes which, if not precise and definite, is at least simple and consistent, 
and moreover a first step towards a future molecular physiology. 

The Sources and Distribution of Heat. Wherever metabolism 
of protoplasm is going on, heat is being generated. We have seen 
that heat is given out during muscular contraction ; there is a similar 
development of heat during the activity of the secreting and of the 
other tissues ; and the production of heat continues, though to a less 
extent, during the periods of rest as well as during those of action. 
All over the body heat is being set free ; more abundantly in the 
more active tissues, and most of all in those tissues the metabolism 
of which leads to little or no external work. The metabolism of the 
tissues (including the blood) and of the food within the alimentary 
canal is the source of the heat of the body. But heat, while being 
thus continually produced, is as continually being lost, as we have 
seen, by the skin, the lungs, the urine and the faeces. The blood 
passing from one part of the body to the other, and ca rying warmth 
from the tissues where heat is being actively generated, to the 
tissues or organs where heat is being lost by conduction or evapora- 
tion, tends to equalize the temperature of the various parts, and thus 
maintains a constant bodily temperature.” 

When the production of heat is not great as compared with the 
means of loss, there is no great accumulation of heat within the body, 
the temperature of which consequently is but slightly raised above 
that of surrounding objects. Thus the temperature of the frog, for 
instance, is rarely more than ’04® to *05® C. above that of the atmo- 
sphere, though in the breeding season the difference may amount to 
1*^. Such animals, and they comprise all classes except birds and 
mammals, are spoken of as cold-blooded. Exceptions among them 
are not uncommon. Some fish, such as the tunny, are warmer than 
the water in which they live, and in a species of Python (P. bivitta- 
tus) a difference of as much as 12® C. has been observed. Hubei- 
found that in a beehive the temperature rose at times as much as to 
40® C. 

In the so-called warm-blooded animals, birds and mammals, the 
loss and production of heat are so balanced that the temperature of 
the body remains constant at, in round numbers, 35 or 40® C., what- 
ever bo the temperature of the air. The temperature of man is about 
37’6® C. ; in some birds it is as high as 44® C. (Hirundo), and in tho 
wolf it is said to be as low as 35*24® (X This temperature is with slight 

i Pfluger's AfcUvt x. (1876) 261, 
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variations maintained throughout life. After death the generation of 
heat rapidly diminishes, and the body speedily becomes cold ; but for 
some snort time immediately following upon systemic death, a rise of 
temperature may be observed, due to the fact that, while the meta- 
bolism of the tissues is still going on, the loss of heat is somewhat 
checked by the cessation of the circulation. The onset of pronounced 
rigor mortis causes a marked accession of heat, and when occurring 
after certain diseases, may give rise to a very considerable elevation 
of temperature. This mean bodily temperature of warm-blooded 
animals is, during health, maintained, with slight variations of which 
we shall presently speak, within so narrow a margin as 2® C., a fall or 
rise of more than 1® C. beyond these limits being indicative of some 
failure in the organism, or of some unusual influence being at work. 
It is evident, therefore, that the mechanisms which co-ordinate the 
loss with the production of heat must be exceedingly sensitive. It is 
obvious, moreover, that these mechanisms may act when the bodily 
temperature is tending to rise, by either checking the production or 
by augmenting the loss of heat ; and when the bodily temperature is 
tending to fall, by either increasing the production or by diminishing 
the loss of heat. As the regulation of temperature by variations in 
the loss of heat is far better known than regulation by variations in 
production, it will be best to consider this first. 

Eeffulation by variations in loss. Taking tho body as a 
whole, under normal conditions, the chief sources of the produc- 
tion of heat are the muscles and the abdominal viscera, more 
especially the liver; and of these the liver deserves attention, 
inasmuch as it is always at work, whereas the heat produced by 
the muscles is at least largely dependent on their contracting, and 
they may remain at rest for considerable periods. We find in- 
deed that the blood in the hepatic veins is the warmest in the 
body. Heidenhain^ observed in the dog a temperature of 40*73° C. 
in the hepatic vein, while that of the vena cava inferior was 38*35° to 
39*58, and that of the right heart 37*7. Bernard previously had 
found the blood of the hepatic vein warmer than that of either the 
portal vein or the aorta, shewing that the increased temperature is 
not due simply to the liver being far removed from the surface of the 
body. The brain too may be regarded as a source of heat, since iU 
temperature is higher than that of the arterial blood with which it is 
supplied ; though from the smaller quantity of blood passing through 
its vessels it cannot in this respect compare with either the liver or 
the muscles as a source of heat to the body. 

Heat is lost to the body by the warming of the faeces and of the 
urine, by the warming of the expired air, by the evaporation of the 
water of respiration,, by conduction and radiation through the skin, 
and by the evaporation of the water of perspiration. Helmholtz 


1 Ffltigsr’s Archiv^ iii. (1870) p. 604. 
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has calculated that the relative amounts of the loss by these several 
channels are as follows : 

In warming the faeces and urine 2“6 per cent.. 

In warming the expired air 5*2 per cent. 

In evaporating the water of respiration 14*7 per cent. 

In conduction and radiation and evaporation by the skin 77*5 per 
cent. 

The two chief means of loss then, which are at all susceptible of 
any great amount of variation, and which can be used to regulate the 
temperature of the body, are the skin and the lungs. 

The more air passes in and out of the lungs in a given time, the 
greater will be the loss in warming the expired air, and in evapo- 
rating the water of respiration, ^d in such animals as the dog, 
which do not perspire freely by the skin, respiration is a most im- 
portant means of regulating the temperature*. 

While Bernard®, G. Liebig®, Heidenhain and older observers, found the 
blood of the right heart warmer (from *1 to *3“) than that of the left, 
Colin ^ and Jacobson and Bernhardt® state that the loft heart is warmer or 
at least as warm as the right. From the latter obsers^ations it might be 
inferred that the loss of heat by respiration is neutralized by chemical 
changes going on in the lungs. Heidenhain and Kbrner®, however, make 
the important observation that the liigher temperature of the right ventricle 
is inde[)endent of the res»piration, and they attribute the dif ‘rence between 
the two ventricles solely to the fact that the right ventricle lies nearer to 
the abdominal viscera, the high temperature of which has already been 
mentioned. And they argue that the loss of heat from the body to the air 
has been already achieved before the insi^ired air rejiches the pulmonaiy 
alveoli, the evaportion of water taking place chiefly in the nasal and 
bronchial passages. 

The great regulator however is undoubtedly the skin. Tlie more 
blood passes through the skin the greater will be the loss of heat by 
conduction, radiation, and evaporation. Hence, any action of the 
vaso-motor mechanism which, by causing dilation of the cutaneous 
vascular areas, leads to a larger flow of blood through the skin, will 
tend to cool the body ; and conversely, any vaso-motor action which 
by constricting the cutaneous vascular areas, or by dilating the 
splanchnic vascular areas, causes a smaller flow through the skin, 
and a larger flow of blood through the abdominal viscera, will tend 
to heat the body. If, as seems probable (see p. 316), there are special 
nerves of perspiration, these will act directly as regulators of tempe- 
rature, increasing the loss of heat when they promote, and lessening 
the loss when they cease to promote, the secretion of the skin. The 
Working of this heat-regulating mechanism is well seen in the case 

1 See Biegel, Jfltiger’s Archiv^ v. (1872) 651. * de Phy$, Exp, 1866. 

* Ueber die Temperaturunterschiede des venoaen md arteriellen JBlutes, Giessen, 1863. 

* Compt, Rend, Lxn. (1866) p. 680. 

« Cbt,f. Med, WUa. 1868, p. 643. . • Pflfiger’s Arehiv, iv. (1871) 668. 
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of exercise. Since every muscular contraction gives rise to heat, 
exercise must increase for the time being the production of heat ; 
yet the bodily temperature rarely rises so much as a degree C., if 
at all. By the exercise the respiration is quickened, and the loss 
of heat by the lungs increased. The circulation of blood is also 
quickened, and the cutaneous vascular areas becoming dilated, a 
larger amount of blood passes through the skin. Added to this, 
the skin per^ires freely. Thus a large amount of heat is lost to 
the body, sufficient to neutralise the increase caused by the mus- 
cular contraction, the increase which the more rapid flow of blood 
through the abdominal organs might tend to bring about being 
more than suflSciently counteracted by their smaller supply for the 
time. The sense of warmth which is felt during exercise in con- 
sequence of the flushing of the skin, is in itself a token that a 
regulative cooling is being carried on. In a similar way the ap- 
plication of external cold or heat, either partially or completely, 
defeats its own ends. Under the influence of external cold the 
cutaneous vessels are constricted, and the splanchnic vascular areas 
dilated, so that the blood is withdrawn from the colder and cooling 
regions to the hotter and heat-producing organs. This vascular 
change may produce such an effect, that the result of stripping 
naked in a cold atmosphere may be an actual increase in the mean 
temperature of the blood, as indicated by a thermometer placed in 
the mouth. Under the influence of external warmth, on the 
other hand, the cutaneous vessels are dilated, a rapid discharge 
of heat, especially by evaporation, takes place ; and if the circum- 
stances be such that the body can perspire freely, and the per- 
spiration be readily evaporated, the temperature of the body may 
remain very near to the normal, even in an excessively hot atmo- 
sphere. Thus, more than a century ago, Drs Fordyce and Blagden^ 
were able to remain with impunity in a chamber heated even to 
] 27*^ (200° Fahr.), and with ease in one so hot, that it became painful 
for them to touch the metal buttons of their clothing. It is unne- 
cessary to give any more examples of this regulation of temperature 
by variations in the loss of heat; they all readily explain themselves. 

Beg^nlation by variations in production. Much less satisfac- 
tory is our information concerning the regulation of the production 
of heat. We can easily conceive that afferent impulses passing 
along certain nerves might increase the metabolism of the muscles, 
the liver, and other organs, and so lead to a greater development 
of heat, and conversely, that the failure of wonted impulses or the 
passage of inhibitory impulses might diminish metabolism and lower 
the production of heat ; and that these impulses might be connected 
in a reflex manner with the skin or other regions. We can imagine, 
in fact, the existence of a metabolic nervous mechanism quite com- 
parable to the vaso-motor mechanism and to the various secreting 

1 mi Trans, 1775, pp. HI, 484. 
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nervous mechanisms. And indeed we have some positive evidence 
of the existence of such a mechanism; but at present our know- 
ledge concerning the matter is far from being complete. 

The high temperature of certain diseases (pyrexia, &c.) and the low 
temperature of others (diabetes) have not jet been thoroughly investigated ; 
but there is already sufficient evidence to shew that,^ in some cases at least, 
the phenomena are the result of excess or deficiency of production, and not 
of mere deficiency or excess of escape. 

The effects of external cold and warmth have been appealed to as 
indicative of variations in the production of heat. Thus upon stripping in 
a cold atmosphere or upon first entering into a cold bath, the temperature 
of the mouth or rectum rises instead of falling. Again on entering into a 
bath at blood-heat, the temperature of the mouth or rectum does not, as 
might be expected from the diminution of the loss of heat, rise, but may 
even at first fall slightly. These results may, it is true, be approximately 
explained on the ground that in the first case the constriction of the 
cutaneous vessels shuts off a large quantity of blood from the cooling 
surfaces, and thus prevents a loss of heat, while in the second case a larger 
quantity of blood is by the dilation of the cutaneous vessels withdrawn 
from the warmer to what are at first the cooler regions of the body. We 
have, however, expeidmental evidence that in mammals external cold in- 
creases while external warmth diminishes, the total metabolism of the 
body; from which it may fairly be inferred that these agents affect not 
only the distribution but the actual production of bodily heat. Thus 
Sanders-Ezn* found that in rabbits the production of cai xSnic acid was 
increased by sudden exposure of the bodily surface to cold and diminished 
by sudden exposure to warmth. Rdhrig and Zuntz® found in rabbits 
an increase in both the carbonic acid produced and in the oxygen con- 
sumed to result from cold baths, and also though to a less extent from saline 
baths. Colasanti® has further shown that in ginuea-pigs cold increases, 
in a veiy remarkable and regtilar manner, both the pixiduction of carbonic 
acid and the consumption of oxygen. And since the ratio of the oxygen 
consumed to the oxygen contained in the carbonic acid expired remained 
constant during the experiments, we are justified in concluding that the 
increase in both was duo to an increase of metabolism. A strong contrast 
to the behaviour of the warm-blooded guinea-pig, in which a fall of 30® C. in 
the siUTounding medium actually doubled the amount of the metabolism, 
is affoixied by the cold-blooded frog, in which, according to PflUger and 
Schulz*, repeating the earlier experiments of Marchand and Moleschott, 
cold depresses and heat exalts the metabolic activity of the tissues. Evi- 
dently the production of heat is, in the warm-blooded animal, governed by 
a regulative mechanism which is either absent or very feebly developed in 
the cold-blooded animal. 

With regard to the exact nature of this mechanism, the following facts 
deserve attention. Zuntz and Kohrig* found that in urari poisoning 
there was a marked diminution of the bodily metabolism as indicated by 

' Ludwig’s Arheiten^ 1867. * PflUger’s ArcHv, iv. (1871) p. 67. 

^ Pfl tiger’s Archiv^ xiv. (1877) p. 92, See also the subsequent controversy carried 
on in that and the f(dlowing volume. 

* Pfliiger’s Arehiv^ xnr, (1877) 73. 

* Op. ciU and Zuntz, Pfifiger^s Archive xn. (1876) p. 522. 
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the quantities of oxygen consumed and carbonic acid produced ; these 
indeed might fleill to half the normal. At the same time the bodily tem- 
perature fell considerably; and that this fall was the effect and not the 
cause of the diminution of the metabolism was shewn by the fact that the 
metabolism continued to diminish, when loss of heat from the body was 
prevented by wrappings of cotton wool. While under urari too, the me- 
tabolic activity was far less influenced by cold and other baths. These 
experiments suggest that when cold is applied to the skin, afferent impulses 
are generated which, reaching some central nervous mechanism, give rise 
to efferent impulses, which in turn passing to the muscles, increase the 
metabolic activity of these organs, and thus give rise to an increased pro- 
duction of heat. When the muscular nerves are paralysed by urari, the 
efferent impulses can no longer reach the muscles, and hence no increase 
of metabolism takes place in them. Pointing in the same direction, are 
the experiments of SamueP, who found that while rabbits in a normal con- 
dition will bear exposure to oven severe cold without any great change in 
their bodily temperature, this sinks rapidly, and death ensues, when the 
chief muscular parts of the body are eliminated from the total action of 
the organism by ligature of all four aitieries of the limbs or by section 
of their main nerve-trunks; the wounds necessary for the operation pro- 
ducing of themselves only a slight effect. 

Although in the above exj^eriments the diminution of metabolism 
and of the ])roduction of heat was coincident with the absence of muscular 
contractions, it is not absolutely necessary to suppose that the occur- 
rence of contractions is essential to an increase in the production of heat. 
There is no d priori reason positively contradicting the hypothesis that 
the metabolism of even muscular tissue might be influenced by nervous 
or by other agency in such a way that a large decomposition of the muscu- 
lar substance, productive of much heat, might take place without any con- 
traction being necessarily caused. If we were to j^ermit oui*selves to buj)- 
pose that the contractile material whose metabolism when resulting in a 
contraction gives rise to so much heat, could undergo the same amount 
of metabolism, in so far a different fashion, that all the energy thereby set 
free took on the form of heat, variations in the temperature of the body, at 
present difficult to understand, would become readily intelligible. 

We have further indications of the existence of what may be called 
Hherinogenio' nerves and thermogenic neiwous mechanisms in the variations 
of temperature attendant on section of, or injury to, or disease of, the spinal 
cord and other parts of the nervous system. Brodio* was one of the first to 
call attention to a rise of temperature after injury to the spinal cord ; in a 
previous memoir® he had contended, on insufficient grounds it is true, for a 
direct generation of heat by means of the nervous system. Since that time 
many cases have been observed on the one hand of a lowering and on the 
other hand of a rise of temperature as the result of injury to, or disease 
of, the spinal cord, or other parts of the central nervous system. The ex- 
perimental evidence is not at present satisfactory. Tscheschichin * observed 
in rabbits a fall of temperature after section of the spinal cord, but a 
marked rise of temperature after a section carried through the juncture of 

1 Veher die Enstehung der Eigenwdrme d^e. Leipzig, 1876. 

» Med. Chir. Trane. Voi. xx. (1837) p. 119. » Phil. Trans. 1811, 1812. 

^ Du Bois-Keyxxtond's Archiv, 1866, p. 151. 
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the medulla oblongata and pons YaroliL Naunyn and Quincke \ on the 
contrary, found that, in dogs, section of the spinal cord was followed at first 
by a fall, but subsequently by a rise of temperature, the latter being the 
more marked the higher up the division of the cord, and reaching to as 
much as 3® or 4^ They explained the initial fall as due to an incre^ed 
escape of heat, due to the vaso-motor paralysis, which the section caused, 
allowing a large portion of the blood to pass through the cutaneous vessels; 
and they remarked that the fall was less the more rapidly after the 
opemtion the animal was surrounded by cotton wool or like bad conductors 
of heat. The subsequent rise of temperature they attributed to an actual 
increased production which in time overcame the increased escape due to 
vaso-motor paralysis. They thought that they had satisfied themselves 
that the rise was not due to fever occasioned by the mere wound, as 
Schroff* has since concluded. Parinaiid® finds that in rabbits section of 
the spinal cord invariably produces a continued fall of temperature, 
especially of the deeper parts of the body, moi*e marked in the paralysed 
than in the non-paralysed parts. Tscheschichin attributed the rise which 
he observed after the section of the medulla to the removal of some 
inhibitory action exerted by the higher parts of the brain on thermo- 
genic centres lower down. Further researches are needed before any 
satisfactory conclusion can be arrived at. Many of the phenomena observed 
may undoubtedly be explained by vaso-motor action, by the derivation of a 
l.irge quantity of blood from a part of the body where production is greater 
than loss to a part where escape by conduction or evaporation overcomes 
2 )roduction, or vice versa. But even the vaso-motor prol’epis are them- 
selves involved, and the elaborate researches of Heideiihain'* ohewhow great 
a caution is necessary in drawing conclusions from experiments dealing 
with so complicated a machinery as the vascular system. This so careful 
observer found that the stimulation of the sensory nerve of an animal 
(sciatic of dog) under urari produced, coincident with the increase of arterial 
pressure, a diminution (as much as 1® C.) of the temperature in the interior 
of the body, but that this fall did not occur when the animal was in a 
febrile condition. This at first sight looked like the indication of a 
thermotoxic mechanism, rendered inactive by the condition of fever. When 
however the animal under urari, but otherwise normal, was placed in a 
cold bath tlie fall of temperature resulting from stimulation of the sciatic 
was greater than under the ordinary circumstances, and when it was 
placed in a hot bath the stimulation of the sciatic caused a rise instead 
of a fall of the internal temperature. Moreover, when a fevered dog 
was cooled by being placed in a cold bath, a fall of temperature 
similar to the normal was seen to follow stimulation of the sciatic. 
Evidently the rise or fall in the several cases was to be referred to the 
condition of the cutaneous vessels, warm in the one case and cold in the 
other, rather than to any direct thermogenic activity of the nervous system. 
But it is difficult to account, by any working of a mere vaso-motor 
mechanism, for the marked rise of temperature often seen in even slight 
cases of spinal disease, especially when the rise is so great as, even allowing 

> Du Bois-Beymond^s Archiv^ 1869, p. 174, 521, 

* Wien. Sitzunffsberichte, Lxxiu. (1876). 

* Archives de Physiologie (ii) iv. (1877), pp. 68, 810. 

^ Pfiiiger’s Archiv, 1870, ni. 504 ; Ibid, r, (1872) 77* 
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for all possible errors, it must have been in some of the cases recorded ^ 
It seems hardly possible in such instances as these not to entertain the 
idea of some direct action of the nervous system on heat-producing meta- 
bolism. 

Bernard* feels justified in speaking most distinctly of ‘thermogenic’ 
or ‘calorific’ and of ‘frigorifio’ nerves, in complete analogy with vaso-dila- 
tor and vaso-constrictor nerves. He states® that after division of one 
cervical sympathetic the temperature of the ear of the side operated on 
remains considerably higher than that of the other side, at a time when 
the increased vascularity has nearly disappeared, thus indicating that the 
former is not wholly dependent on the latter; and Knock* confirms this. 
Bernard* also observed, after division of the cervical sympathetic on one 
side, that a stimulation of the central end of the divided auricular nerve 
suflBciently intense to give rise to pain, occasioned on the side in which the 
sympathetic was intact, a fall (of as much as 2® O.) of temperature in the 
ear, unaccompanied by any pallor, while on the side on which the sympa- 
thetic had been divided, a rise of temperature was at the same time 
observed. That is to say, the sensation of pain gave rise, by reflex action 
through the intact cervical sympathetic, to a refrigeration of the ear, with- 
out any vascular change in the ear and in spite of an increased tempera- 
ture of other parts of the body. In the submaxillary gland he found that 
while stimulation of the chorda tympani produced a rise, stimulation of the 
sympathetic produced a fall of temperature, which manifested themselves, 
though to a less degree than in normal circumstances, even when all the 
vessels were cut or when the veins where ligatured. Ludwig and Spiess® 
had previously shewn that during stimulation of the chorda the temperature 
of the saliva excreted might be 1 or 1*5 degree higher than that of the 
blood in the carotid artery. If it could bo shewn that under stimulation 
of the sympathetic a corresponding but negative difference manifested 
itself Bernard’s view that the sympathetic is par excellence a frigorific 
nerve, wliile the cerebrospinal nerves contain all the calorifacient fibres, 
would receive a striking confirmation. Heidenhain’s’^ observations, how- 
ever, as far as they go, point to a slight rise rather than a fall of tempera- 
ture as the result of sympathetic stimulation. 

By regulative mechanisms of this kind the temperature of the 
warm-blooded animal is maintained within very narrow limits. In 
ordinary health the temperature of man varies between 36® and 38®, 
the narrower limits being 36*25® and 37*5®, when the tliermometci* 
is placed in the axilla. In the mouth the reading of the thermometer 
is somewhat (*25® to 1*5®) higher; in the rectum it is still higher 
(aboTit *9® C.) than in the mouth. The temperature of infants and 
children is slightly higher and much more susceptible of variation 
than that of adults, and after 40 years of age the average maximum 
temperature (of health) is somewhat lower than before that epoch. 

1 Lancet, March 6, 1876. > Chalewr Animate (1S7Q), passim, 

* Op, cit, p. 283. ^ , X i, 

^ Quoted by Bernard loc, cit. The observations of Goltz, see p. 1(56, on the foot of 
the dog would seem to shew that this at least does not hold good for the soiatic nerve. 

fi Op, cit, p. 296. ® Wien, Sitzungsberichte, xxv, 1867. 

7 Breslau, Studien, iv. 1868* 
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A diurnal variation, independent of food or other circumstances, has 
been observed^ the maximum ranging from 9 A.M to 6 p.m. and the 
minimum from 11p.m. to 3 a.m. Meals cause sometimes a slight 
elevation, sometimes a slight depression, the direction of the influ- 
ence depending on the nature of the food: alcohol seems always to 
produce a fall. Exercise and variations of external temperature, 
within ordinary limits, cause very slight change, on account of the 
compensating influences which have been discussed above. The rise 
from even active exercise does not amount to 1® C.; when labour is 
carried to exhaustion a depression of temperature may be observed. 
In travelling from very cold to very hot regions a variation of less 
than a degi*ee occurs, and the temperature of tropical inhabitants is 
practically the same as those dwelling in arctic regions. 

When external cold or warmth passes certain limits, or when 
during the application of these agents the regulative mechanisms are 
interfered with, the temperature of the body may be lowered or 
raised until death ensues. When the cold or warmth applied is not 
very great, as in cold and warm baths, it has been noticed that the 
temperature is more easily raised by warmth than depressed by cold. 
Death ensues from extreme cold by a depression of the activities 
of all the tissues, more especially of the nervous; asphyxia is pro- 
duced in animals when the fall of temperature is rapid. Puppies 
can be recovered after the temperature in the rectum has fallen to 
about 4® or 5® C., and hybemating mammals ma^ "be cooled with 
impunity down to nearly freezing point. Horvath* observed when 
external warmth is brought to bear on a mammal in such a way as 
to cause a rise of temperature in the body, death ensues when an 
elevation of about 6® or 7® C. above the normal is reached; and 
Bernard* places the lethal bodily temperature of a mammal at about 
46®. The exact cause of the death has not been as yet sufficiently 
explained. It cannot be due, as Bernard suggests, to the muscles 
entering into rigor caloris, for the animals frequently succumb before 
this takes place. A high temperature makes the heart irregular, and 
finally stops its beat, but probably other tissues arc also injuriously 
affected, so that death cannot be* attributed to the stoppage of the 
heart alone. 

One of the most marked phenomena of starvation is the fall of 
temperature, which becomes very rapid during the last days of life. 
Indeed the low temperature of the body is a powerful factor in 
bringing about death, for life may be much prolonged by wrapping 
a starving animal in some bad conductor so as to economise the 
bodily heat*. 


1 Binger, Troc. Boy. 8oc, xvii. p. 287. 

3 Cblf. Med. Wise. 1871. p. 61:^. 

3 Le^. 8ur la Chaleur Anhnak^ 1876. 

* Chossat, Beck. Ex^. sur V Inanition, Paris, 1848. 
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Sec. 6. The Influence of the Nervous System on Nutrition. 

In the preceding sections we had more than once to refer to the 
possibility of the nervous system having the power of directly affecting 
the metabolic actions of the body, apart from any irritable, contractile, 
or secretory manifestations. Thus the phenomena of diabetes cannot, 
at present at all events, be satisfactorily explained as a purely vaso- 
motor effect, and the production of heat seems to be under some 
special guidance of the nervous system. In treating of the salivary 
glands we met with the striking fact that when all the nerves of the 
gland have been divided, and a ‘paralytic’ secretion set up, the 
tissue of the gland may ultimately degenerate. This result differs 
from the wasting of a muscle which follows upon severance of its 
motor nerve, since this may be, partly at all events, explained by the 
fact that the muscle is no longer functional ; and indeed, if the muscle 
is rendered functional, if it is directly stimulated for instance from 
time to time with a galvanic current, the atrophy may be postponed 
or even altogether prevented. But the salivary gland in the case in 
question is functional, it does go on secreting ; nevertheless in the 
absence of its usual nervous guidance its nutrition becomes pro- 
foundly affected. We are not justified in saying that in this case 
the nutrition of the salivary cell is directly dependent on the nervous 
system, because all biological studies teach us that the growth, re- 
pair, and reproduction of protoplasm may go on quite independently 
of any nervous system, and the nutrition of the nervous system 
itself cannot be dependent on its action on itself ; but we may go 
so far as to infer that the nutrition of the salivary cell is in the 
complex animal body so arranged to meet the constantly recurring 
influences brought to bear on it by the nervous system, that, when 
those influences are permanently withdrawn, it is thrown out of 
equilibrium ; its molecular processes, so to speak, run loose, since 
the bit has been removed from their mouths. And we might expect 
that similar instances would be met with where nutrition became 
abnormal after the removal of wonted nervous influences. Such 
instances indeed are not uncommon ; the most familiar being perhaps 
the rapid occurrence of bed-sofes, in consequence of injuries to or of 
disease of the spinal cord or brain. And there arc many pathological 
phenomena, inflammation itself to begin with, which seem inexplicable, 
except when regarded as the results of nervous action. In all these 
cases, however, there are many attendant circumstances to be consi- 
dered before we can feel justified in speaking of any direct influence 
of the nervous system on nutrition, of any specific action of what have 
been called ‘trophic’ neiwes. Perhaps the instance which has been 
best worked out is the connection of the nutrition of the eye and face 
with the fifth or trigeminal nerve. When in a rabbit the trige- 
minus is divided in the skull there is loss of sensation in those parts 
of the face of which it is the sensory nerve. Very soon, within twenty- 
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four hours, the cornea becomes cloudy ; and this is the precursor of 
an inflammation which may involve the whole eye and end in its 
total disorganisation. At the same time the nasal chambers of the 
same side are inflamed, and very frequently ulcers make their ap- 
pearance on the lips and gums. Seeing how delicate a structure, the 
eye is, and how carefully it is protected by the mechanisms of the 
eyelids and tears, it seems reasonable to suppose that the inflamma- 
tion in question might simply be the result of the irritation caused 
by dust and contact with foreign bodies, to which the eye, no longer 
guided and protected by sensations, these being destroyed by the 
section of the nerve, became subject. In the same way the ulcers 
on the lips and gums might be explained as injuries inflicted by the 
teeth on those structures in their insensitive condition. And Snellen 
found that the inflammation of the eye might be greatly lessened or 
altogether prevented if the organ were carefully covered up and in 
all possible ways protected from the irritating influences of foreign 
bodies. Other observers however have failed to prevent the inflam- 
mation in spite of every care. This negative result is in itself no 
strong argument, but there are other facts which seem to shew that 
the tissues in question are, after section of the nerves, in a peculiar 
condition. 

Sinitzen found that after removal of the superior cervical sympathetic 
ganglion, the inflammatory efiects of section of tlie trigep ujis were veiy 
much lessened. Sinitzen's explanation, that the tissues of the face become 
less irritable after removal of the ganglion, seems, however, hardly 
satisfactory. According to MerkeP the inflammatory phenomena depend 
on a particular portion of the nerve being divided. He states that if a 
certain tract along the inner border of the nerve be alone cut, there is no 
loss of sensation either in the cornea or other parts of the face, but yet 
inflammation comes on as usual; if, on the other hand, the whole nerve be 
carefully divided with the exception of this tract, no inflammation ensues 
though sensation is lost. Merkel traces the fibres forming the inner border 
to a deep oiigin, difierent from that of the rest of the nerve. If these 
results be corroborated, the trigeminus must be held to contain ‘trophic’ 
fibres. 

The significance of these inflammation phenomena must there- 
fore be left at present undecided. Few similar cases have been 
observed, the most striking being the occurrence of pneumonia after 
section of the vagi ; yet there seems to be no reason why the fifth 
nerve should be conspicuous in possessing trophic fibres. When the 
sciatic nerve of the frog is divided, no nutritive alterations beyond 
those explicable as the result of loss of function are observed ; and 
indeed tne majority of the effects on growth and nutrition resulting 
from the section of nerves, or from paralysis, can be referred to the 
absence of the usual functional activity, accompanied in some cases 
with an altered vascular supply. Nevertheless the numerous pheno- 


^ Untersuoh. AnaU ImU Rostoclf p. 1. 
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raena of disease, joined to the facts mentioned above, turn the balance 
of evidence in favour of the view that some more or less direct influ- 
ence of the nervous system on metabolic actions, and so on nutrition, 
will be established by future inquiries. 

The influence which light acting on the retina appears to exercise on 
the metabolism of the body may bo quoted as an illustration of the state- 
ment just made^ 


Sec. 6. Dietetics. 

We may sum up the main results of the previous sections some- 
what in the following way. Although the body consists, like the 
food, of proteids, fats and carbohydrates, yet the conversion of the one 
into the other is not direct. Assimilation does not proceed in such a 
way that the proteids of the food all become the proteids of the body, 
the fats of the food the fats of the body, and the starch and sugar of 
the food the glycogen, dextrin, and sugar of the body. We cannot 
even say that the non-nitrogen ous food supplies alone the non-nitro- 
genous parts of the body, while the nitrogenous food remains as the 
sole source of the nitrogenous tissues. We have seen that under all 
circumstances a certain quantity of proteid food is immediately meta- 
bolized, probably while still within the alimentary canal, and that 
when an excess of proteid food is taken a luxus consumption leads to 
the accumulation of bodily fat. On the other hand, we find that 
a large proportion of the carbonic acid of the egesta comes from the 
metabolism of nitrogenous tissues, such as muscle ; and we have had 
proof that the energy set free by muscular contraction may be far 
greater than could be supplied by the proteid food taken, and that 
therefore the non-nitrogenous factors of the metabolism which sot 
free the energy must have ultimately come from non-nitrogenous 
food. We have abundant evidence that the various food-stuffs be- 
come more or less metabolized, and their elements more or less 
rearranged and mixed before they reappear as constituents of the 
bodily tissues. 

We have seen that the oxidations of the body are, as in the case 
of muscle, of a peculiar character, and carried on by the tissues them- 
selves. While at present we should be hardly justified in denying 
that any oxidations at all take place in the blood-plasma, such as do 
occur must be slight in amount as compared with those going on in 
the tissues. We might also say that one body only, viz. lactic 
acid, presents itself as a substance likely to be directly oxidised in 
the blood itself; and even with regard to this the evidence is as 
much against as for any such direct oxidation taking place. The 
great mass of the oxidation of the body is of an indirect kind, deter- 
mined by the activity of the several tissues. The blood serves as an 

1 Cf. Pfliiger and Von Platen, PflUger’s Archiv, xi. 263, 272. Fubini, Molescbotfs 
Unteritucli. xi. 488. 
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oxygen carrier for the and it is not itself the large combus- 

tion agent it was once Aotigjht to be. The tendency of all recent 
inquiries is to shew that the Body icannot be compared, dither as a 
whole, or in its parts, to a furnace for the direct combustion ef com- 
bustible food. On the contrary, we are driven nearei* and nearer to 
the conclusion that all food which has become absorbed into *the 
blood must become tissue before it becomes waste product, and only 
becomes waste product through a metabolism of the tissue. When 
we say “become tissue” we muadfeave it at present wholly undecided 
how far the constant metabojilm which this view demands affects 
the so-called structural elements of the more highly organized tissues; 
it is quite open howevey for uS to imagine that the ground-substance 
of muscle, mr instance, might undergo large and rapid metabolism, 
while the change of the sarcous elements or muscle-i'ods might be 
much slighter and slower. 

The characteristic feature of proteid food is that it increases the 
oxidative, metabolic activity of the tissues, leading to a rapid con- 
sumption, not only of itself, but of non-nitrogenous food as well. 
Where therefore a rapid renewal of the tissues is sought for, an excess 
of proteid food may be desirable. But it must be borne in mind 
that by the very nature of its rapid metabolism, proteid food must 
tend to load the body with the so-called extractives, i.e. with nitro- 
genous crystalline bodies. How far these are of use to the body, and 
what part they play, is at present unknown to us. Tha^ they are of 
some use is suggested by the beneficial effects of the extractum camis 
when taken as food in conjunction with non-nitrogenous material, 
though it is possible that the dietetic value of this preparation may 
be due to the small amount of non-crystalline extractives which it 
contains. That when in excess they may be highly injurious is in- 
dicated by the little we know of the connection between the symp- 
toms of gout and the presence of uric acid. A large meal of proteid 
material must tax the system to the utmost in getting rid of or 
stowing away the nitrogenous crystalline bodies arsing through the 
luxus consumption either in the alimentary canal or in the liver. 

One value of fats and carbohydrates lies in their being sources of 
energy, more than three-fourths of the normal income of potential 
energy coming from them (p. 367); and, as we have seen, they are 
uUipiate sources of muscular energy as well as of heat. But their 
great^ characteristic is that they do not, like proteid food, excite the 
metabolic activity of the body. Hence, unlike proteid food, they can 
be retained and stored up in the body with comparative ease. The 
digested elements of fatty or carbohydrate food which go to form the 
protoplasm of adipose tissue, become part and parcel of a substance 
which can perform its metabolism without any explosive expen- 
diture of energy, and which therefore, instead of giving rise to bodies 
demanding immediate excretion from the system, can deposit its 
metabolic products as apparently little, but as we have seen in reality 
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greatly, changed feit. In this way the ned-nitrogenous food of to- 
day is rendered available for future and even far distant wants. 

In coidparing fats with carbohydrates, we can only point to the 
much greater potential energy of the former than of the latter, weight 
for weight (see p. 867), and to the fact that the latter, by containing 
so to speak water ready formed, and by thus affording material for 
evaporation, hold within themselves a means of getting rid of some 
of the energy which is set free by their metabolism, when that 
energy takes on the form of heat. 

A diet may be chosen either for th^ simple maintenance of 
health, or for the sake of muscular energy, or for fattening purposes. 
For the first purpose there is, we may suppose, a normal diet; and 
in the case of man, instinct has probably not erred far in choosing 
some such proportions as those given on p. 358. If, as we have 
urged, all food becomes tissue before it leaves the body as waste 
product, the dominant principle of all nutrition, and the ultimate 
tribunal of all questions of diet, must be the individual character 
of the tissue, the idiosyncrasy of the body. The same mysterious 
qualities which cause the same blood-plasma to become hero a 
muscle, and there a secreting cell, convert the same food into the 
body of a man or of a sheep. All the simpler and more general laws 
of metabolism arc made subservient to more intricate and special 
laws of protoplasmic construction. Wo can only speak of a normal 
diet in the same way that we speak of the average intelligence of man. 

In seeking to supply such a normal diet out of ordinary articles 
of food, we must bear in mind that the nutritive value of any sub- 
stance, estimated in terms of the potential energy of the protcids, fats 
or carbohydrates it contains, must of course be corrected by its 
digestibility. One gramme of cheese has, as far as potential energy 
is concerned, an exceedingly high value; but the indigestibility of 
cheese brings its nutritive value to a very low level. Here too the 
factor of idiosyncrasy makes itself exceedingly felt. 

In feeding for fattening purposes the comparatively cheap carbo- 
hydrates are of course chiefly depended on. If the view mentioned 
on p. 364 be correct, that the fat really stored up all comes from pro- 
teid metabolism, an equivalent of this food-stuff must always be 
given. If, as seems probable, this view is a too hurried generalisa- 
tion, there still remains the possibility that for economical tattling, 
with the least waste, a certain proportion between the nitrogenous 
and non-nitrogen ous foods must always be maintained. 

From what has been previously said it is evident that proteid food 
is not the only food-stuff' to be regarded in selecting a diet for mus- 
cular labour. We should however equally err in the opposite direction 
if we selected exclusively non-nitrogenous food on which to do work, 
since, as we have seen, there is no evidence that the fats or carbohy- 
drates are the direct, though they may be in part the ultimate source, 
of muscular energy. Considering how complex a thing strength is, how 
much it depends on the vigour of parts of the body other than the 
F. P. 25 
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muscles, a normal diet, calculated to develope equally all parts of the 
body, is probably the best diet for active labour. It is possible how- 
ever that an excess of proteid food, by reason of the renewal of tissue 
caused by its metabolic activity, may be, in such cases, of service. 

Lastly, the several saline matters, including the extractives of 
animal and vegetable food, are no less essential elements of a diet 
than proteids, fats, or carbohydrates. Of use, not for the energy they 
themselves possess, but by reason of their regulating the energy of 
the food-stutfs more strictly so called, they are necessary to life : the 
body in their absence fails to cany out its usual metabolism, and 
disease if not death follows. 

Tlie dietetic superiority of fresh meat and vegetables depends in part 
on their still retaining these various saline and extractive matters. A 
diet from which phosphorus (or even possibly phosphates), or chlorides, or 
potash, or soda salts are absent, is, as soon as the store of the substance 
in the body is exhausted, useless for nutritive purposes. Calcium and 
magnesium may, to a certain extent, be replaced by bases closely allied to 
them; but the metabolic role of phosphorus or of sulphur cannot be taken 
up by any analogous body; and, as is illustrated by their distribution in 
the body, the physiological functions of potash and soda are widely different 
if not antagonistic, closely allied as are these two alkalis when regarded 
from a chemical point of view. Like medicines and poisons — and indeed 
they are in a maimer natural medicines — the action of these bodies depends 
in part on their dose. Indispensable as are potash salti^ ' the economy, a 
large dose of them is injurious; and a dog fed on notuing but Liebig's 
extract dies sooner than a dog not fed at all, on account of the potash 
salts of the extract exerting their deleterious influence in the absence of 
the food whose metabolism their function is to dii’ect. 

The physiology of nutrition may bo said to have been founded by 
Liebig, when he proved the formation of fat in the animal body, and pub- 
lished his views on the nature and use of food. The labours of Regnault 
and Reiset^ added much to our knowledge of the Statistics of Respiration. 
The first elaborate inquiry into the Statistics of Metabolism in general was 
that of Bidder and Schmidt*; this was followed by the investigations of 
the Munich school, viz. Bischoff, Bischoff and Yoit®, Voit, and Pettenkofer 
and Voit*. Although we have had occasion to combat some of the views 
of this school, it must be admitted that their extended and laborious 
researches have been the means of an immense advance in our knowledge. 
Their method has been largely adopted, with excellent results, by the 
various agiicultural stations in Germany ; and in this countiy the inquiries 
of Lawes and Gilbert® have given us information of peculiarly valuable 
character, inasmuch as it is chiefly based on direct analysis and observa- 
tion, and therefore free from the possibilities of error attaching to mere 
calculations. If, however, one discovery can be pointed to as influencing 
our views of the nature and laws of animal metabulism more than any other, 
it is that by Bernai’d", of the formation of glycogen by the liver. 

1 Ann, Ch. Phys, 1849 (3) xxvi. 32. 

^ Op, cit, * Op. cit, 

^ Op. cit, and many subsequent memoirs in the Zt. fUr Biol, 

* Op. cit, ® Op, cit. 
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SENSORY NERVES. 

Ix studying the phenomena of motor nerves we are greatly assisted 
by two facts : First, that the mu<^cular contraction by which we judge 
of what is going on in the muscle, is a comparatively simple thing, 
one contraction differing from another only by such features as 
aniount, rapidity, and frequency of repetition, and all sucli differences 
being capable of exact measurement. Secondly, that when we apply a 
stimulus directly to the nerve itself, the effects differ in degree only 
from those which result when the nerve is set in action by natural 
stimuli, such as the will. When we come, on the other hand, to in- 
vestigate the phenomena of afferent nerves, our labours are for the 
time rendered heavier, but in the end more fruitful, by the facts : 
First, that we can only judge of what is going on in an afferent nerves 
by the effects it produces in some central nervous organ, in the way' 
of exciting or modifying reflex action, or modifying automatic action, 
or affecting consciousness; and we are consequently met on the very 
threshold of every inquiry by the difficulty of clearly distinguishing 
the events which belong exclusively to the afferent nerve from those 
which belong to the central organ. Secondly, that the effects of ap- 
plying a stimulus to the peripheral end-organ of an afferent nerve are | 
very different from those of applying the same stimulus directly to thei 
nerve-trunk. This may be shewn by the simple experience of com- 
paring the sensation caused by the contact with any sharp body of a 
nerve laid bare by a wound with that caused by contact of an intact 
skin with the same body. These differences reveal to us a complexity 
of impulses, of which the phenomena of motor nerves gave us not so 
much as a hint; but for the time being they increase the difficulties 
of our study. 

An afferent impulse passing along an afferent nerve may affect 
unconscious reflex or automatic action, or may produce a change in 
our consciousness, or majr bring about both results at the same time. 
An afferent nerve the stimulation of which may lead to a modifica- 
tion of consciousness may be more closely defined as a 'sensory 'nerve. 
There is no distinct proof, having regard to the difficulties just 
mentioned, that the afferent fibres which in the body are commonly 
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used to cause or affect reflex action differ at all in kind from those 
whose function it is to modify consciousness. On the contrary, such 
evidence as we have goes to shew that an appropriate stimulus of the 
same fibre may give rise to one or other or both events; and that 
'whether the one or the other, or both, events occur depends on the 
"Condition of the central organ, and on the relation of its several parts 
^0 the afferent nerve. The stimulation of the same nerve (and there 
are no positive facts which would preclude us from saying ‘of the 
same fibre’) may at one moment, when the central nervous system 
is intact, give rise to a change of consciousness alone, without the 
development of any reflex action whatever, and at another moment, 
the cerebrum being meanwhile removed, cause simply a reflex action. 
We urge this point here because we shall be frequently led to speak 
of a ‘sensory’ nerve under circumstances where there is no evidence 
of consciousness being affected; and though such a use of the word is 
perhaps etymologically incorrect, the convenience of so using it is a 
suflBcient excuse. 

All the spinal nerves are mixed nerves, composed of afferent and 
efferent, of motor and sensory fibres. When a spinal nerve is divided, 
stimulation of the peripheral portion causes muscular contraction, of 
the central portion, a sensation (or a reflex action). At the junction 
of the nerve with the spinal cord the sensory fibres are gathered into 
the posterior and the motor fibres into the anterior jr^qt. The proof 
of this, which was first made known by Charles Bell and Majendie, 
their discoveries forming the foundation of modern nervous physio- 
logy, is simply as follows. 

When the anterior root is divided, the muscles supplied by the 
nerve cease to be thrown into contractions either by the will, or by 
reflex action, while the structures to which the nerve is distributed 
retain their sensibility. During the section of the root, or when the 
proximal stump, that connected with the spinal cord, is stimulated, no 
sensory effects are produced. When the distal stump is stimulated, 
the muscles supplied by the nerve are thrown into contractions. 
When the posterior root is divided, the muscles supplied by the nerve 
continue to bo thrown into action by an exercise of the will or as 
part of a reflex action, but the structures to which the nerve is dis- 
tributed lose the sensibility which they previously possessed. During 
the section of the root, and when the proximal stump is stimulated, 
sensory effects are produced. W'hen the distal stump is stimulated 
no movements are called forth. These facts demonstrate that sensory 
impulses pass exclusively by the posterior root from the peripheral to 
the central organs, and that motor impulses pass exclusively by the 
anterior root from the central to the peripheral organs. 

An exception must be made to the above general statement, on account 
of the so-called recurrent sensibility which is witnessed in conscious 
mammals, under favourable circumstances. It often happens that when 
the peripheral stump of the divided anterior root is stimulated, signs of 
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pain are witnessed. These are not caused by the concurrent muscular 
contractions or cramp which the stimulation occasions, for they remain if 
the whole trunk of the nerve be divided some little way below the union 
of the roots above the origins of the muscular branches, so that no con- 
tractions take place. They disappear if the posterior root be also cut, and 
they are not seen if the mixed nerve-trunk bo divided close to the union of 
the roots. The ]dienomena are probably due to the fact, that bundles of 
bciisory fibres of the posterior root after running a short distance down the 
mixed trunk turn back and run upwards in the anterior root, and by this 
recurrent course give rise to the recurrent sensibility. When the anterior 
I'oot is divided some few fibres in it do not, like the rest, degenerate, and 
when the posterior root is divided, a few fibres in the anterior root are 
scon to degenerate like those of the posterior root. 

Concerning the ganglion on the posterior root, we may say defi- 
nitely that it is neither a centre of reflex nor of automatic ac^n. 
Our knowledge cJmccrSng Its function is almost limited to tEe fact 
that it is some way intimately connected with the nutrition of the 
nerv e. When a mixed nervo-trimk is divided, the peripheral portion 
degenerates from the point of section downwards towards the peri- 
phery. The central portion does not so degenerate, and if the length 
of nerve removed be not too great, the central portion uniting with 
the degenerating peripheral portion may grow downwards, and thus^ 
regenerate the nerve. This degeneration is observed wlicn the* 
mixed trunk is divided in any part of its course from the periphery^ 
to close up to the ganglion. When the posterior root is divided 
between the ganglion and the spinal cord, the portion attached to 
the spinal cord degenerates, but that attached to the ganglion re- 
mains intact. When the anterior root is divided, the proximal 
portion in connection with the spinal cord remains intact, but the 
distal portion between the section and the junction with the other 
root degenerates; and in the mixed nerve-trunk many degenerated 
fibres are seen, which, if tliey be carefully traced out, are found to be 
motor fibres. If the posterior root be divided carefully between the 
ganglion and the junction with tlie anterior root, the posterior root 
above the section remains intact, but in the mixed nerve-trunk are 
seen numerous degenerated fibres, which when examined are found 
to have the distribution of sensory fibres. Lastly, if the posterior 
ganglion be excised, the whole posterior root degenerates, as do also 
the sensory fibres of the mixed nerve-trunk. Putting all these facts 
together, it would seem that the growth of the motor and sensory fibres 
takes place in opposite directions, and starts from different nutritive 
or " trophic * centres. The sensory fibres grow away from the ganglion 
either towards the periphery, or towards the spinal cord. The motor 
fibres grow outwards from the spinal cord towards the periphery. 
This difference in their mode of nutrition is frequently of great help 
in investigating the relative distribution of motor and sensory fibres. 
When a posterior root is cut beyond the ganglion, or the ganglion 
excised, all the sensory nerves degenerate, and the sensory fibres, by 
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their altered condition, can readily be traced in the mixed nerve- 
branches, Conversely, when the anterior roots are cut, the motor 
fibres alone degenerate, and can be similarly diagnosed in a mixed 
nerve-tract. Thus also in a mixed nerve like the vagus, the fibres 
which spring from the real vagus root may be distinguished from 
those proceeding from the spinal accessory, by section of the vagus 
and spinal accessory roots respectively; and in the mixed vago-sympa- 
thetic trunk, met with in many animals, the vagus fibres may be 
distinguished from the sympathetic, since, after a section of the mixed 
trunk, the former degenerate from above downwards, whereas the 
latter degenerate from the inferior cervical ganglion below upwwds 
to the superior cervical ganglion above ; for the ganglia of the sym- 
pathetic behave in this respect like the spinal ganglia of the pos- 
terior roots. This method of diagnosis is often spoken of as the Wal- 
lerian method, after A. Waller, to whom we are indebted for the 
discovery of most of these facts. 

According to Wundt* afferent imjjulses suffer a delay in passing through 
the spinal ganglia, refl(*x acts having a markedly shorter latent ]>oriod 
when they arc initiated by a stimulus applied to the posterior root than 
when the stimulus is applied to the mixed nerve-trunk just below the 
ganglion. 

In the cranial nerves the motor and sensory tracti^ are far less 
mixed than in the spinal nerves. The olfactory, yptio and acoustic 
nerves are purely sensory nerves. The fifth, glosso-pharyngeal and 
vagus arc mixed nerves. The facial and hypoglossal are for the most 
part motor (efferent) nerves, but contain sensory fibres. The third, 
fourth, sixth and spinal accessory are exclusively motor (efferent) 
nerves. These statements refer to what are commonly looked upon 
as the trunks of the respective nerves. More exactly speaking, the 
sensory fibres of the facial come froTn the fifth, pneumogastric and 
glosso-pharyngeal nerves, so that the facial proper is in reality a 
purely motor nerve. So likewise is the hypoglossal, its sensory fibres 
coming from the fifth, pneumogastric, and three upper cervical 
nerves. The fifth is a mixed nerve entirely on the plan of a spinal 
nerve, having distinct motor and sensory roots. The glosso-pharyn- 
geal seems also to be essentially a sensory nerve, its motor filaments 
springing from the fifth and facial nerves. Concerning the vagus 
some have maintained that the pneumogastric root proper is entirely 
sensory (afferent), and that all the efferent functions of the vagus are 
dependent on the fibres of the spinal accessory which join it. To 
this point we shall return when we come to consider briefly the 
special functions of these several nerves. 

We have already stated (p. 87) that isolated pieces of motor and 
of sensory nerves behave exactly alike as far as all the physical mani- 
festations attendant on the passage of a nervous impulse are concerned. 


^ Mechanik der Nerven, (1876), 2t€ Ahth. p. 46, 
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The same is also true, as far as we know, of nerves within the body. 
This, taken into consideration with the facts just mentioued con- 
cerning the regeneration of nerves, suggests the inquiry whether by 
a change of the peripheral or central organs a motor nerve can be 
converted into a sensory nerve, or vice versa. Experiments made with 
a view of obtaining a functional union between purely motor and 
sensory nerves have, in the hands of most observers (Flourens, 
Bidder, Schiff, &c.), failed; and though Philipeaux and Vulpian' were 
so far more successful, that they obtained an apparent union between 
a sensory and a motor nerve-trunk, their results do not prove that a 
fibre, which is ordinarily a purely sensory, may act as a motor fibre, 
and vice versa. 

These observers, having in young dogs divided the hypoglossal nerve 
and removed its ceutnil portion as completely as possible, united by fine 
sutures its peripheral end with the central portion of the lingual of the 
same side, having similarly rcTriuved from this the peri2)heral portion. 
Thus the central lingual was united with the peripheral hypoglossal. Com- 
plete union took phice, and it was found that, after some weeks, the por- 
tion of nerve between the tongue and the ])oint of union, i,e, the part which 
had previously been the j)erij)heiMl hyimglossal, was in a sound and healthy 
condition. Btiraulation of tlio central parts of tlie lingual nerve above the 
point of union protlucod contractions in the tongue of that side, whether 
the stimulus were electrical or mechauical; and the contnxetions were 
still visible when the lingual, in order to preclude any reflex action, was 
divided high up j)revious to stimulation. Jlere the sensory lingual was 
evidently the means of causing motor effects. Tt must be remembered, 
however, that this is not a case of the union of motor and sensory fibres. 
The perij)heral portion of the hypoglosstil in reality became wholly degene- 
rated, and the jiortioii of nerve which apparently was hypoglossal nerve, Wiis 
in truth new nerve produced by a downward growth of the lingual. If any 
real union took place it must have been between the lingual fibres and the 
end-plates of the glossal muscular fibres. The force of this experiment is 
moreover lessened by the fact, that when the hypoglossal is simply removed, 
or a large piece of the nerve cut o\jt, so that the ]>eri])heral portions degene- 
rate, stimulation of the lingual nerve of the same side causes movements 
of the tongue*, though when the hy])oglossal is intact, stimulation of tlio 
lingual produces no sucli efTcct. The explanation of this result is not 
obvious. Similar but less satisfactory experiments were made on the union 
of the vagus and hypoglossal. 

The rate at which nervous impulses travel appears to be about 
the same in motor and sensory nerves. We have seen that the ve- 
locity of a nervous impulse in the motor nerve of a frog is about 28 
metres per sec. The velocity of a motor impulse in man, as Judged 
by the difference of the latent period of the contraction of the thumb- 
muscles when stimulation is brought to bear on the motor nerve at 
the wrist, or high up in the arm, is about 33 m etres per scg,. 
In warm-blooded animals, however, the rate oF'^ansmission of 


1 Vulpian, fiystem Nerv, 274. 


* Brlioke, Vorlemng, ii. 22, 



394 


VELOCITY OF SENSORY IMPULSES. [Book in. 


motor impulses is very variable, being in particular closely dependent 
on temperature, and probably also on other circumstances. Thus, 
Helmholtz and Baxt^ obtained a range from as low as 30 m. when the 
arm was cooled to as high as 89‘4 m. when the arm was heated. The 
velocity of a sensory impulse is estimated by measuring the time 
taken between a stimulus being brought to bear on some sentient 
surface, as the skin, and the making of a signal by the individual 
experimented on at the instant that he feels the stimulus. The time 
taken up in the sensory impulse becoming converted into a sensation 
after reaching the nervous central organs, in the mental operation 
of determining to make the signal, and in the beginning to make 
the signal, corresponds in a 'way to the purely muscular portion of 
the latent period in the experiment for determining the velocity 
of a motor impulse. The application of the stimulus and tlie making 
of the signal (ea^. gr. closing a galvanic circuit) being both recorded 
on a rapidly travelling surface, the time taken up in the whole opera- 
tion can bo easily measured ; and the ditforence between the time 
taken when the stimulus is applied to some spot separated from the 
central nervous system by a short piece of nerve, ex. gr. the top of 
the thigh, and that taken when a long piece of nerve intervenes, ex. gr. 
when tlie stimulus is applied to the toe, will give the time required 
for the sensory impulse to pass along a piece of sensory nerve as 
long as the diference of length between the above two nerves; from 
which the velocity can be calculated. Observations can\jd on in this 
way led to most discordant results, varying from 26 metres to 
94 metres, or even more per sec. The difference here is far too great 
to allow any value to be attached to an average. When it is re- 
membered how complex are all the central nervous operations in 
these instances, as compared with the changes going on in a muscle 
(luring the latent period of its contraction, and how these central 
operations might vary according as one or other spot of skin was 
stimulated, quite independently of the length of nerve between the 
centre and the spot stimulated, these discrepancies will not be won- 
dered at ; and it may fairly be concluded that the velocity of a sen - 
sory i mpulse mat>ej:ially differ frgm that a mo tor imp ulse. 

W^ave already seen (p. 85) that a sensory nerve in its simplest 
form may be regarded as a strand of eminently irritable protoplasm, 
forming a link between a superficial cell which alone is subject to 
extrinsic stimuli, and a central (reflex or automatic) cell which re- 
ceives stimuli chiefly in the form of nervous impulses proceeding 
from the former along the connecting strand. In the earliest 
stages of the development of a sens()ry nervous system, the super- 
ficial sensory cell is susceptible of stimuli of all kinds, provided 
they are sufficiently strong; and probably all the impulses which 
it transmits to the central cell resemble each other very closely, dif- 
fering only in degree. It is obvious however that the economy would 


^ Berlin. Monatshericht, 1870. 
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gaia by a further division of labour, by a differen^ ti on of fft yjo 
i^niform^j^nipftrfirm] nAl] inix\ n numto of g^S, each O^^ 
more susceptrblo in.-partifin1a.r .■stirntili than its Thus one 
cell, or rather one group of cells, would become eminently susceptible 
to the influence of light : in them the impact of rays of light would 
give rise to nervous impulses more readily than in the other groups ; 
another group would develope a sensitiveness to waves of sound, and 
so on. In this way the primary homogeneous bodily surface would 
be diflfereiitiatcd into a scries of sense-organs, disposed and arranged 
among ectodermic cells, the purpose of the latter being simply pro- 
tective, and therefore not demanding the existence of any direct 
connection with the central nervous system. Similar but less highly 
marked differeutiations would be established in the endings of the 
afferent nerves connecting the central nervous system with the in- 
ternal surfaces and parts of tlie body. ^ 

Moreover it is obvious that L he senso ry Jmpulse s transm itted ±n 
t he central nexv Qua .system by thos<uliffer<,^iti^ sense-organs wquU' 
be themselves larg el y different iated. Just as the impulses which' 
pass along a motor nerve differ according to the nature of the stimulus 
which is applied to the nerve (whether, for instance, the stimulus bo 
a single induction-shock, or several shocks repeated slowly, or several 
shocks repeated rapidly, and so on, the effect on the muscle being in 
each case a different one), so to a much greater degree the impulses 
generated by light in a visual sense-organ must naturally differ from 
those generated by simple pressure in a tactile sense-organ. 

And since these various sensory impulses have much work to 
perform on arriving at the central nervous system, in the way of 
affecting consciousness, and influencing the multitudinous molecular 
operations going on in the central cells, this differentiation of sensory 
organs and sensory impulses is accompanied by a corresponding 
differentiation of those central e^lls w])inh the iTupnkng firaf. 

to reach on arriving ^ the central ^gam Tliose cells, for instance, of 
the central nervous system, which first receive the particular nervous 
impulses coming from the visual sense-organs, will bo set apart for 
the task of so modifying and preparing those impulses as to adapt 
them in the best possible way for the work which they liave to do. 
Hence each peripheral sense-organ will bo united by means of its 
nerve with a corresponding central sense-organ, the former being 
able to affect other parts of the central nervous system only through 
the medium of the latter. This at least we know to be the case as 
far as relates to all the central nervous operations in which conscious- 
ness is concerned ; for of the total characters which belong to an 
affection of consciousness by means of any of the sense-organs, i. e. 
which belong to any particular sensations, while some are gained 
during the rise of the sensory impulses in the peripheral sense-organ, 
others first appear in the central sense-or^an during the conversion ot 
the impulses into a sensation. Thus a stimulus of any kind applied 
to the optic nerve along any part of its course gives rise to a sensa- 
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tion of light, and precisely the same stimulus applied to the acoustic 
nerve along any part of its course gives rise to a sensation of sound ; 
and so on. All the evidence we possess goes against the view that an 
isolated piece of optic nerve differs in function from a similarly iso- 
lated piece of acoustic nerve ; such facts as are within our knowledge 
go to shew that the disturbances generated in a piece of optic nerve 
by a galvanic current are the same as those generated in a piece of 
acoustic nerve. We are therefore driven to the conclusion that the 
difference in this case arises in the central organs. 

In all these differentiated sensory mechanisms, or special senses 
as they are called, we have then to deal with two elements: the 
peripheral sense-organ, in which we have to study how the special 
physical agent gives rise to special sensory impulses ; and the central 
sense-organs, in which our study is confined to the manner in which 
these special impulses affect consciousness or otherwise modify the 
operations of the central nervous system. Inasmuch as in a normal 
body the peripheral organ remains in connection with the central 
organ, and our study of the special senses is carried on chiefly by sub- 
jective observations in which we make use of our own consciousness, 
it frequently becomes very diflScult to distinguish in any given 
sensation the peripheral from the central element. The two become 
more distinct, the more complex the sense and the more higldy 
organised the sense-organs. For this reason it will be most con- 
venient to commence our study of the special senses \ ith the sense 
of vision. 



CHAPTER IL 


SIGHT. 

A ray of light falling on the retina gives rise to what we call a 
sensation of light; hut in order that distinct vision of any object may 
bo gained, an image of the objert must bo formed on the retina, and 
the better defined the image the more distinct will be the vision. 
Hence in studying the physiology of vision, our first duty is to ex- 
amine into the arrangements by which the formation of a satisfactory 
image on the retina is effected ; these we may call briefly the dioptric 
mechanisms. We shall then have to inquire into the laws according 
to which rays of light impinging on the retina give rise to sensory 
impulses, and those according to which the impulses thus generated 
give rise in turn to sensations. Here we shall come upon the difii- 
culty of distinguishing between the unconscious or physical and the 
conscious or p.sychical factors. And we shall find our difficulties 
increased by the fact, that in appealing to our own consciousness we 
are apt to fall into error by confounding primary and direct sensa- 
tions with states of consciou.suc.ss which are produced by the weaving 
of these primary sensations with other operations of the central 
nervous system, or, in familiar language, by confounding what wo 
see with what we think we see. Those two things we will briefly 
distinguish as visual sensations and visual judgments ; and we shall 
find that both in vision with one eye, but more especially in bino- 
cular vision, visual judgments form a very large part of what we 
frequently speak of as our sight. 


Sec. 1, Dioptric Mechanisbis. 

The Formation of the Image. 

The eye is a camera, consisting of a series of lenses and media 
arranged in a dark chamber, the iris serving as a diaphr^m ; and 
the object of the apparatus is to form on the retina a distinct im^e 
of external objects. That a distinct image is formed on the retina, 
may be ascertained by removing the sclerotic from the back of an 
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eye, and looking at the hinder surface of the transparent retina 
while rays of light proceeding from any external object are allowed 
to fall on the cornea. 

A dioptric apparatus in its simplest form consists of two media 
separated by a (spherical) surface ; and the optical properties of speh 
an apparatus depend upon (1) the curvature of the surface, (2) the 
relative refractive power of the media. The eye consists of several 
media, bounded by surfaces which are approximately spherical but of 
different curvature. The surfaces are all centred on a line called the 
optic dais, which meets the retina at a point somewhat above and to 
the inner (nasal) side of the fovea centralis. In passing from the 
outer surface of the cornua to the retina the rays of light traverse 
in succession the cornea, the aqueous humour, the lens and the 
vitreous humour. Refraction takes place at all the surfaces bounding 
these several media, but particularly at the anterior surface of the 
cornea, and at both the anterior and posterior surfaces of the lens. 
Since the anterior and posterior surfaces of the cornea are parallel, or 
very nearly so, the rays of light would suffer little or no change of 
direction in passing through the cornea, if it were bounded on both 
sides by the same medium. The direction of the rays of light in the 
aqueous humour would therefore remain the same if the cornea were 
made exceedingly thin, if in fact its two surfaces were made into 
one, forming a single anterior surface to the aqueous humour ; or, 
which comes to the same thing in the end, since the rel stetive power 
of the substance of the cornea is almost exactly the same as that of 
the aqueous humour, the refraction at the posterior surface of the 
cornea may be neglected altogether. Thus the two surfaces of the 
cornea are practically reduced to one. The lens varies in density in 
different parts, the refractive power of the central portions being 
greater than that of the external layers; but the refractive power of 
the whole may, without any serious error, be assumed to be uniform, 
a mean being taken between the refractive powers of the several 
parts. The refractive power of the vitreous humour is almost ex- 
actly the same as that of the aqueous humour. 

Thus the apparently complicated natural eye may be simplified 
into a ‘diagrammatic eye,* in which the refracting surfaces are re- 
duced to three, viz. (1) the anterior surface of the cornea, (2) the 
anterior surface of the lens separating the lens from the aqueous 
humour, and (3) the posterior surface of the lens separating the lens 
from the vitreous humour. The media will similarly be reduced to 
two ; the mean substance of the lens, and the aqueous or vitreous 
humour. This ‘diagrammatic eye* is of great use in the various 
calculations which become necessary in studying physiological optics ; 
for the magnitudes which are derived by calculation from it repre- 
sent the corresponding magnitudes in an average natural eye with 
sufficient accuracy to serve for all practical purposes. The values 
adopted by Listing for the constants of this ‘ diagrammatic eye,* and 
to him we are indebted for the introduction of it, are as follow : 



Chap, il] 


SIGHT. 


399 


Eadius of curvature of cornea 

„ „ of anterior surface of lens 

„ „ of posterior „ „ 

Eefractive index of aqueous or vitreous humour 

Mean refractive index of lens 

l)istance from anterior surface of cornea to anterior 

surface of lens 

Thickness of lens 


8 mm. 
10 „ 

0 « 



4 

4 


mm. 


The calculated position of the principal postenor foevs, Le. the 
point at which all rays falling on the cornea parallel to the optic 
axis are brought to a focus, is in the diagrammatic eye 14*6470 mm. 
behind the posterior surface of the lens, or 22*6470 mm. behind the 
anterior surface of the cornea. That is to say, the fovea centralis 
must occupy this position in order that a distinct image of a distant 
object may be formed upon it. It must bo understood that these 
values refer to the eye when at rest, i.e. when it is not undergoing 
any strain of accommodation. 


Accommodation. 

When an object, a lens, and a screen to receive the image, are so 
arranged in reference to each other, that the image falls upon the 
screen in exact focus, the rays of light proceeding from each luminous 
point of the object are brought into focus on the screen in a point of 
the image corresponding to the point of the object. If the object be 
then removed farther away from the lens, the rays proceeding in a 
pencil from each luminous point will be brought to a focus at a point 
in front of the screen, and, subsequently diverging, will fall upon the 
screen as a circular patch composed of a series of circles, the so-called 
diffusion circles, arranged concentrically round the principal ray of 
the pencil. If the object be I'emoved, not farther, but nearer the 
lens, the pencil of rays will meet the screen before they have been 
brought to focus in a point, and consequently will in this case also 
give rise to diliusion circles. When an object is placed before the 
eye, so that the imago falls into exact focus on the retina, and the 
pencils of rays proceeding from each luminous point of the object are 
brought into focus in points on the retina, the sensation called forth 
is that of a distinct image. When on the contrary the object is too 
far away, so that the focus lies in front of the retina, or too near, so 
that the focus lies behind the r(‘tina, and the pencils fall on tlie retina 
not as points, but as systems of diffusion circles, the image produced 
is indistinct and blurred. In order that objects both near and distant 
may be seen with equal distinctness by the same dioptric apparatus, 
the focal arrangements of the apparatus must be accommodated to the 
distance of the object, either by changing the refractive power of the 
lens, or by altering the distance between the lens and the screen. 

That the eye does possess such a power of accommodation is shewn 
by every-day experience. If two needles be fixed upright some two 
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feet or so apart, into a long piece of wood, and the wood be held 
before the eye, so that the needles are nearly in a line, it will be 
found that if attention be directed to the far needle, the near one 
appears blurred and indistinct, and that, conversely, when the near one 
is distinct, the far one appears blurred. By an effort of the will 
we can at pleasure make either the far one or the near one distinct ; 
but not both at the same time. When the eye is arranged so that the 
far needle appears distinct, the image of that needle falls exactly on 
the retina, and each pencil from each luminous point of the needle 
unites in a point upon the retina; but when this is the case, the 
focus of the near needle lies behind the retina, and each pencil from 
each luminous point of this needle falls upon the retina in a series of 
diffusion circles. Similarly, when the eye is aiTanged so that the 
near needle is distinct, the image of that needle falls upon the retina 
in such a way, that each pencil of rays from each luminous point of 
the needle unites in a point on the retina, while each pencil from 
each luminous point of the far needle unites at a point in front q/’thc 
retina, and then diverging again falls on the retina, in a series of diffu- 
sion circles. If the near needle be gradually brought nearer and nearer 
to the eye, it will be found that greater and greater effort is required 
to see it distinctly, and at last a point is reached at which no effort 
can make the image of the needle appear anything but blurred, 
Tlie distance of this point from the eye marks the limit of accommo- 
dation for near objects. Similarly, if the person be shoi .-sighted, the 
far needle may be moved away from the eye, until a point is reached 
at which it ceases to be seen distinctly, and appears blurred. In the 
one case, the eye, with all its power, is unable to bring the image of 
the needle sufficiently forward to fall on the retina ; the focus lies 
permanently behind the retina. In the other, the eye cannot bring 
tlie image sufficiently backward to fall on the retina ; the focus lies 
permanently in front of the retina. In both cases the pencils of rays 
from the needles strike the retina in diffusion circles. 

The same phenomena may be shewn with greater nicety by what 
is called Scheiner’s experiment\ If two smooth holes be pricked in 
a card, at a distance from each other less than the diameter of the 
pupil, and the card be held up before one eye, with the holes 
horizontal, and a needle placed vertically be looked at through the 
holes, the following facts may be observed. When attention is directed 
to the needle itself, the image of the needle appears single. Whenever 
the gaze is directed to a more distant object, so that the eye is no 
longer accommodated for the needle, the image appears double and 
at the same time blurred. It also appears double and blurred when 
the eye is accommodated for a distance nearer than that of the 
needle. When only one needle is seen, and the eye therefore is 
properly accommodated for the distance of the needle, no effect is 
produced by blocking up one hole of the card, except that the whole 


I Soheinor, Ocultu, Izmsbmck, 1619, 
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field of vision seems dimmer. When, however, the image is double 
on account of the eye being accommodated for a distance greater 
than that of the nee<lle, blocking the left-hand hole causes a disap- 
pearance of the right-hand or opposite image, and blocking the 
right-hand hole causes the left-hand image to disappear. When 
the*eye is accommodated for a distance nearer than that of the 
needle, blocking either hole causes the image on the same side to 
vanish. The following diagram will explain how these results are 
brought about. 

Let a (Fig. 44) be a luminous point in the needle, and aCy c/the 
extreme right-hand and left-hand rays of the pencil of rays proceeding 



Fig. 44 , Duobam of Schbinbb’s Expebiment. 

from it, and passing respectively through the right-hand and left- 
hand /, holes in the card. (The figure is supposed to be a horizontal 
section of the eye.) When the eye is accommodated for a,, the rays 
e and /meet together in the point c, the retina occupying the position 
of the plane nn\ the luminous point appears as one point, and the 
needle will appear as one needle. When the eye is accommodated 

F. p. 26 
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for a distance beyond a, tbe retina may be considered to lie^ no longer 
at na, but nearer the lens, at mm for example ; the rays ae will cut 
this plane at p, and the rays at q\ hence the luminous point will 
no longer appear single, but will be seen as two points, or rather as 
two systems of diffusion circles, and the single needle will appesy as 
two blurred needles. The rays passing through the right-hand hole 
e, will cut the I'etina at jp, L e. on the right-hand side of the optic 
axis ; but, as we shall see in speaking of the judgments pertaining to 
vision, the image on the right-hand side of the retina is referred hy 
Ihe mind to an object on the left-hand side of the person; hence 
the affection of the retina at p, produced by the rays ae falling 
on it there, gives rise to an image of the spot a at P, and similarly 
the left-hand spot q corresponds to the right-hand Q. Blocking the 
left-hand hole, therefore, causes a disappearance of the right-hand 
image, and vice versa. Similarly when the eye is accommodated for 
a distance nearer than the needle, the retina may be supposed to 
be removed to ZZ, and the right-hand ae and left-hand af ravs, after 
uniting at c, will diverge again and strike the retina at p and q\ 
The blocking of the hole e will now cause the disappearance of the 
image q' on the left-hand side of the retina, and this will be referred 
by the mind to the right-hand side, so that Q will seem to vanish. 

If the needle be brought gradually nearer and nearer to the eye, 
a point will be reached within which the image is always double. 
This point marks with considerable exactitude the lear limit of 
accommodation. With short-sighted persons, if the needle be removed 
farther and farther away, a point is reached beyond which the image 
is always double ; this marks the far limit of accommodation. 

The experiment may also be performed with the needle placed hori- 
zontally, in which case the holes in the card should be vertical. The 
adjustment for the eye for near or far distances may be assisted by using 
two needles, one near and one far. In this case one needle should be 
vertical and the other horizontal, and the card turned round so that the 
holes lie horizontally or vertically according to whether the vertical or 
horizontal needle is being made to appear double. 

In what may be regarded as the normal eye, the so-called emme- 
tropic eye, the near limit of accommodation is about 10 or 12 cm. and 
the far limit may be put for practical purposes at an infinite distance. 
The 'range of distinct vision’ therefore for the emmetropic eye is 
very great. In the myopic, or short-sighted eye, the near limit is 
brought much closer (5 or 6 cm.) to the cornea ; and the far limit is 
at a variable but not veiy great distance, so that the rays of. light 
proceeding from an object not many feet away are brought to a focus, 
not on the retina but in the vitreous humour. The range of distinct 
vision is therefore in the myopic eye very limited. In the hyp&rme- 

^ Of course, in the actual eye, as we shall see, accommodation is effected by a 
change in the lens, and not by an alteration in the position of the retina ; but for con- 
venience sake, we may here suppose the retma to be moved. 
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tropic, or long-sighted eye, the rays of light coming from even an 
infinite distance are, in the passive state of the eye, brought to a 
focus beyond the retina. The near limit of accommodation is at 
some distance off, and a far limit of accommodation does not exist. 
The-pmtyopic eye, or the long-sight of old people, resembles the 
hypermetropic eye in the distance of the near point of accommodation, 
but differs from it inasmuch as the former is an essentially defective 
condition of the accommodation mechanism, whereas in the latter 
the power of accommodation may be good and yet, from the internal 
arrangements of the eye, be unable to bring the image of a near 
object on to the retina. When a normal eye becomes presbyopic, the 
far limit may remain the same, but since the power of accommodating 
for near objects is weakened or lost, the change is distinctly a reduc- 
tion of the range of distinct vision. In the normal emmetropic eye, 
when no effort of accommodation is made, the principal focus of the 
eye lies on the retina, in the myopic eye in front of it, and in the hy- 
permetropic eye behind it. 

Mechanism of Accommodation. In directing our attention 
from a far to a very near object we are conscious of a distinct effort, 
and feel that some change has taken place in the eye ; when we turn 
from a very near to a far object, if we are conscious of any change 
in the eye, it is one of a different kind. The former is the sense of 
an active accommodation for near objects ; the latter, when it is felt, 
is the sense of relaxation after exertion. 

Since the far limit of an emmetropic eye is at an infinite distance, 
no such thing as active accommodation for far distances need exist. The 
only change that will take place in the eye in turning from near to far 
objects wUl be a mere passive undoing of the accommodation previously 
made for the near object. And that no such active accommodation 
for far distances takes place is shown by the facts — that the eye, when 
opened after being closed for some time, is found not in medium state 
but adjusted for distance; that when the accommodation mechanism of 
the eye is paralysed by atropin or nervous disease, the accommodation for 
distant objects is unaffected ; and that we are conscious of no effort in turn- 
ing from moderately distant to far distant objects. The sense of effort 
often spoken of by myopic persons as being felt when they attempt to see 
things at or be^^oiid the far limit of their range seems to arise from a move- 
ment of the eyelids, and not from any internal changes taking place in 
the eye. 

What then are the changes which take place in the eye, when we 
accommodate for near objects? It might be thought, and indeed 
once was thought, that the curvature of the cornea was changed, 
becoming more convex, with a shorter radius of curvature, for near 
objects. Young, however, shewed that accommodation took place as 
usual when the eye (and head) is immersed in water. Since the 
refractive powers of aqueous humour and water are very nearly alike, 
the cornea, with its parallel surfaces, placed between these two fluids, 

^ 26—2 
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can have little or no effect on the direction of the rays passing 
through it when the eye is immersed in water. And accurate measure- 
ments of the dimensions of an image on the cornea have shewn 
that these undergo no change during accommodation, and that there- 
fore the curvature of the cornea is not altered. Nor is there «any 
change in the form of the bulb; for any variation in this would 
necessarily produce an alteration in the curvature of the cornea, and 
pressure on the bulb would act injuriously by rendering the retina 
anaemic and so less sensitive. In fact, there are only two changes of 
importance which can be ascertained to take place in the eye during 
accommodation for near objects. 

One is that the pupil contracts. When we look at near objects, 
the pupil grows small ; when we turn to distant objects, it dilates. This 
however cannot have more than an indirect influence on the forma- 
tion of the image ; the chief use of the contraction of the pupil in 
accommodation for near objects is to cut off the more divergent cir- 
cumferential rays of light. 

The other and really efficient change is that the anterior surface 
of the lens becomes more convex. If a light be held before the eye, 
three reflected images may be seen by a bystander : one a very bright 
one caused by the anterior surface of the cornea, a second less bright, 
by the anterior surface of the lens, and a third very dim, by the pos- 
terior surface of the lens. When the eye is accommodated for near 
objects, no change is observed in either the first or the third of these 
images ; but the second, that from the anterior surface of the lens, is 
seen to become distinctly smaller, shewing that the surface has become 
more convex. When, on the contrary, vision is directed from near to 
far objects, the image from the anterior surface of the lens grows larger, 
indicating that the convexity of the surface has diminished, while no 
change takes place in the curvature either of the cornea or of the 
posterior surface of the lens. And accurate measurements of the size 
of the image from the anterior surface of the lens have shewn that the 
variations in curvature which do take place, are sufficient to account 
for the power of accommodation which the eye possesses. 

The observation of these reflected images is facilitated by the simple 
instrument introduced by Helmholtz and called a Phakoscope. It consists 
of a small dark chamber, with apertures for the observed and observing 
eyes ; a needle is fixed at a short distance in front of the former, to serve 
as a near object, for which accommodation has to be made ; and by means 
of two prisms the image from each of the three surfaces of the observed 
eye is made double instead of single. When the anterior surface of the lens 
becomes more convex the two images reflected from that surface approach 
each other, when it becomes less convex they retire from each other. 
The approach and retirement are more readily appreciated than is a 
simple change of size. 

These observations leave no doubt that the essential change by 
which accommodation is effected, is an alteration of the convexity of 
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the anterior surface of the lena And that the lens is the agent of 
accommodation, is shewn by the fact that after removal of the lens, as 
in the operation for cataract, the power of accommodation is lost. 

In the oases which have been recorded, where eyes from which the 
len^ had been removed seemed still to possess some accommodation, we 
must suppose that no real accommodation took place, but that the pupil 
contracted when a near object was looked at, and so assisted in making 
vision more distinct. 

Concerning the nature of the mechanism by which this increase of 
the convexity of the lens is effected, the view most generally adopted 
is as follows. In the passive condition of the eye, when it is adjusted 
for far objects, the suspensory ligament keeps the lens tense with 
its anterior surface somewhat flattened. Accommodation for near 
objects consists essentially in a contraction of the ciliary muscle, 
which, by pulling forward the choroid coat and the ciliary processes, 
slackens the suspensory ligament, and allows the lens to bulge forward 
by virtue of its elasticity, and so to increase the convexity of its 
anterior surface. 

Though all the parts surrounding the lens are highly vascular, the 
change i n th e lens j^nnqt be considered as the result of any vasorm^tpr 
acti^ , since accommodation may be effected in a practically bloodless eye 
by artificial stimulation with an interrupted current, or by other means. 
Again, the fact that accommodation may take place in eyes from which the 
iris is congenitally absent, disproves the suggestion that the change in the 
lens is caused either byjhe compression of the circumference of Jhc leas, 
oxJbd any other way by contraction of the xris. On the other hand, the 
observations of Hensen and Vulckers*, who saw the choroid drawn forward 
during accommodation, and satisfied themselves that the cornea served as a 
functional fixed attachment for the ciliary muscle, offer a strong support 
to the generally accepted explanation. To which it may be added, that the 
lens is certainly elastic, and, moreover, that its natural convexity appears to 
be diminished by the action of the suspensory ligament, since after removal 
from the body its anterior surface is found to be more convex than when 
in the naturad position in the body. 

Accommodation is a voluntary act; since, however, the change in 
the lens is always accompanied by movements in the iris, it will be 
convenient to consider the latter, before we discuss the nervous 
mechanism of the whole act, 

Kovements of the FapiL Though by making the efforts required 
for accommodation we can at pleasure contract or dilate the pupil, it 
is not in our power to bring the will to act directly on the iris by 
itself. This fact alone indicates that the nervous mechanism of the 
pupil is of a peculiar character, and such indeed we find it to be. 
The pupil is contracted (1) when we accommodate for near objects,^ 
(2) when the retina (or optic nerve) is stimulated, as when light falls ^ 

1 Meehanitmiui d. AccomtMd.r 1868, Cbt. f, Med. Wise. 18C8, p. 455. 
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lon the retina; the brighter the light the greater the contraction. 

I The pupil is also contracted when the eyeball is turned inwards, when 
I the aqueous humour is deficient, in the early stages of poisoning 
by chloroform, alcohol, &c., and in nearly all stages of poisoning by 
'morphia, calabar bean, and some other drugs. The pupil is dilqfied 
1(1) when the eye is adjusted for far objects, (2) when stimulation of 
the retina (or optic nerve) is arrested or diminished. Hence the 
pupil dilates in passing into a dim light. Dilation also occurs when 
jthere is an excess of aqueous humour, during dyspnoea, during violent 
, muscular efforts, as an effect of emotions, in the later stages of poison- 
ing by chloroform &c., and in all stages of poisoning by atropin and 
i some other drugs. Contraction of the pupil is caused by contraction 
of the circular fibres or sphincter of the iris. Dilation is caused by 
^contraction of the radial fibres of the iris. 

The existence of radial fibres has been denied by many observei’s, but 
the preponderance of evidence is clearly in favour of their being really 
present. Considering how vascular the iris is, it does not seem unreason- 
able to interpret some of tlie variations in the condition of the pupil as the 
results of simple vascular turgescence or depletion brought about by vaso- 
motor action or otherwise. Thus slight oscillations of the pupil may be 
observed synchronous with the heart-beat and others synchronous with the 
respiratory movements. But that constriction of the pupil cannot be 
wholly the result of turgescence, nor dilation wholly the result of depletion 
of the vessels of the iris, is shewn by the fact that l^th these Vents may be 
witnessed in a perfectly bloodless eye. 

Contraction of the pupil, brought about by light falling on the 
retina, is a reflex act, of which the optic is the afferent nerve, the 
third or oculo-motor the efferent nerve, and the centre some portion 
of the corpora quadrigemina in the neighbourhood of the aqueduct 
of Sylvius. This is proved by the following facts. When the optic 
nerve is divided, the falling of light on the retina no longer causes 
a contraction of the pupil. When the third nerve is divided, stimu- 
lation of the retina or of the optic nerve no longer causes contraction ; 
but direct stimulation of the peripheral portion of the divided third 
nerve causes extreme contraction of the pupil After removal of the 
corpora quadrigemina, stimulation of the retina is similarly ineffec- 
tual. But if the corpora quadrigemina, optic nerve, and third nerve 
be left intact, contraction of the pupil will occur as a result of light 
falling on the retina, though all other nervous parts be removed, 
certain reservations, of which we shall speak directly, being made. 

In the excised eye of the eel or frog the pupil will still contract on 
exposure to light though the nervous centre is absent*. Holmgren and 
Edgreu* find that in the frog this contraction of the pupil of the excised 
eye on exposure to light diwppears when the retina is destroyed; there 

1 Brown-S4quard, CmpU Bend, xnr. (1847), 482. 508, Proc. Boy, Soe* rm, (1856), 
p. 238. 

* Hofmann and Schwalbe, Bericht, v. (1876), p. 108. 
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seems therefore to be wUhin the duld some nervous connection between the 
retina and iris. 

The centre in the corpora quadrigemina is not a double centre with 
two completely independent halves, one for each eye; there is a certain 
amcTunt of functional communion between the two sides, so that when 
one retina is stimulated both pupils contract. It might be imagined 
that this cerebral centre acted as a tonic centre, vmose action was 
simply increased not originated by the stimulation of the retina. This, 
however, is disproved by the fact that, if the optic nerve be divided, 
subsequent section of the third nerve produces no further effect. 

In considering the movements of the pupil, however, we have 
to deal not only with contraction but with active dilation; and this 
renders the whole matter much more complex than might be supposed 
to be the case from the simple statement just made. 

The iris is supplied, in common with the ciliary muscle and 
choroid, by the short ciliary nerves coming from the ophthalmic or 
lenticular (ciliary) ganglion, which is connected by its roots with the 
third nerve, the cervical sympathetic nerve, and, by the nasal branch 
of its ophthalmic division, with the fifth nerve. The short ciliary 
nerves are, moreover, accompanied by the long ciliary nerves coming 
from the same nasal branch of the ophthalmic division of the fifth, 
nerve. What are the uses of these several nerves in relation to the] 
pupil ? 

If the cervical sympathetic in the neck be divided, all other por- 
tions of the nervous mechanism being intact, a contraction of the 
pupil (not always very well marked) takes place, and if the peripheral 
portion (i. e. the upper portion still connected with the eye) be stimu- 
lated, a well-developed dilation is the result. The sympathetic has, 
it will be observed, an effect on the iris, the opposite of that which it 
exercises on the blood-vessels; when it is stimulated the pupils are 
dilated while the blood-vessels are constricted. This dilating influence 
of the sympathetic may, as in the case of the vaso-motor action of the 
same nerve, be traced back down the neck, along the rami commu- 
nicantes and roots of the last cervical and first dorsal spinal nerves, to 
a region in the lower cervical and upper dorsal cord (called by Budge 
the centrum cilio-spinale inferim), and from thence to the medulla 
oblongata or to the quadrigemina to a centre, the position of which 
is not accurately known. 

The dilation of the pupil cannot however be regarded as a vaso-motor 
effect (even on the supposition that the emptying or constriction of the 
blood-vessels of the iris could cause adequate dilation of the pupil)^ since 
it may be brought about in the entire absence of the circulation, and 
since when the sympathetic is stimulated the dilation of the pupil begins 
before the contraction of the blood-vessels, and may be over before this 
has arrived at its maximum. W'e are driven to conclude that the dilating 
sympathetic fibres do not end in blood-vessels, but are connected either 
directly or indirectly with the muscular fibres of the dilator. 

^ Cf. Mosso, Sui movimenti idrauliei delV iride, Turin, 1875. 
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The pupil then iseems to be under the dominion of two antago- 
nistic mechanisms: one a contracting mechanism, reflex in nature, the 
third nerve serving as the efferent, and the optic as the afferent tract; 
the other a dilating mechanism, tonic in nature, of which the cervical 
sympathetic is the efferent channel. Hence, when the third or optic 
nerve is divided, not only does contraction of the pupil cease to be 
manifest, but active dilation occurs, on account of the tonic dilating 
influence of the sympathetic being left free to work. When, on the 
other hand, the sympathetic is divided, this tonic dilating influence 
falls away, and contraction results. When the third or optic nerve 
is stimulated, the dilating effect of the sympathetic is overcome, 
and contraction results; and when the sympathetic is stimulated, the 
contracting influence of the third nerve is overcome, and dilation eusues. 

But there are considerations which shew that the macter is still more 
complex than this. A small quantity of atropin introduced into the eye 
or into the system causes a dilation of the pupil. This might be attri- 
buted to a paral)r8is of the third nerve, and indeed it is found that after 
atropin the falling of light on the retina no longer causes contraction of 
the pupil. A difficulty however is introduced by the fact that when the 
third nerve is divided, and when therefore the contracting effects of stimu- 
lation of the retina are placed entirely on one side, and there is notldug to 
prevent the sympathetic producing its dilating effects to the utmost, dila- 
tion is stni further increased by atropin. When calabar bean is introduced 
into the eye or system, contraction of the pupil is caused, whether the 
third nerve be divided or not ; and when the dose is sufficiently strong 
the contraction is so great that it cannot be overcome by stimulation 
of the sympathetic. The dilation which is caused by a sufficient dose of 
atropin is greater than that which can ordinarily be produced by stimulation 
of the sympathetic, and the contraction caused by a sufficient dose of cala- 
bar bean is greater than that which is ordinarily produced by stimulation of 
the optic nerve. Evidently these drugs act on some local mechanism, the 
one in such a way as to cause dilation, the other in such a way as to cause 
contraction. Such a local mechanism cannot however lie in the ophthalmic 
ganglion, for both drugs produce these effects in a most marked degree 
after the ganglion has been excised. We must suppose therefore that the 
mechanism is situated in the iris itself or in the choroid, where indeed 
ganglionic nerve-cells are abundant. But if we admit the existence of 
such a local mechanism, we must further admit that both the sympathetic 
and the third nerve act not directly on either the sphincter or dilator 
pupillm, but indirectly through means of the local nervous mechanism. 

The share of the fifth nerve in the work of the iris seems to be in part 
a sensory one ; the iris is sensitive, and the sensory impulses which are 
generated in it pass from it along the fibres of the fifth nerve. 

Though the ophthalmic ganglion does receive fibres directly from the 
cavernous plexus of the sympathetic, the dilating action of the sympathetic 
would seem to be carried out not by these fibi'es but by fibres joining 
the ophthalmic branch of the fifth nerve higher up in its course and passing 
to the iris apparently by the long ciliary nerves. According to Oehl^ 


^ Henle and Meissner’s Berieht, 1862, p. 506. 
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when these fibres, which appear to run along side the ophthalmic branch 
rather than actually to become part of the nerve, are destroyed, stimulation 
of the sympathetic in the neck produces no dilation of the pupil whatever. 
Section of the ophthalmic branch itself causes contraction, and stimulation 
of t\ e peripheral end dilation of the pupil ; and the effects are still seen 
after th^ sympathetic fibres have become degenerated in consequence of the 
removal of the su]x**ior cervical ganglion. From these facts Oehl infers 
that the fifbli nerve itself contains dilating fibres, and he believes that these 
take their origin from the Gasserian ganglion. Oehl’s results, indepen- 
dently arrived at by Rosenthal*, were conducted on dogs and rabbits. 
Guttmann* came to a similar conclusion as regards frogs; he found the 
dila -ir fiores of the cervical sympathetic passed through the Gasserian 
ganglion and were there reinforced by fibres taking origin in the ganglion 
itself. These dilating fibres of the fifth nerve have however been thought 
by some to be vaso-motorial in nature, producing, changes in the pu2)il in 
an indii*ect way by affecting its blood-supiily. 

When atropin is a])plied locally so as to affect the pupil of one eye only, 
the large amount of light entering through the dilated pupil may cause a 
contraction of the pupil of the other eye. 

The moveuien' the pujul may be brought about through reflex 
action by sens")’"’ impulses other than those arising in the retina or optic 
nerve. Holmgren finds that in mbbits, after section of the optic nerve, 
dilation of the \uipil tollows ujion the hearing a noise, and indeed upon any 
sufficiently acute sensation. 

We have already statea that when we accommodate for near 
objects the pupil is contracted: the one movement is ‘associated* 
with the other, that is to say, the special central nervous mechanism 
employed in carrying out the one act is so connected by nervous ties 
of some kind or other with that employed in carrying out the other, 
that when we set the one mechanism in action we unintentionally set 
the other in action also. A similar associated contraction of the pupil 
occurs when the eye is directed inward. Conversely, the drugs which 
have a special action on the pupil, such as atropin and calabar 
bean, also affect the mechanism of accommodation. Atropin paralyses j 
it, so that the eye remains adjusted for far objects; and calabar beaUj 
throws the eye into a condition of forced accommodation for near \ 
objects. The latter effect may be explained, on the view stated 
above, by supposing that the calabar bean throws the ciliary muscle 
into a state of tetanic contraction in the same way that it does the 
sphincter pupillse. 

We can accommodate at will; but few persons can effect the 
necessary change in the eye unless they direct their attention to 
some near or far object, as tne case may be, and thus assist their will 
by visual sensations. By practice, however, the aid of external ob- 
jects may be dispensed with ; and it is when this is achieved that 
the pupil may seem to be made to dilate or contract at pleasure, 

^ See Guttmaim, CentralUatt f, Med, WUs. 1864, p. 598. 

» Op. cit. * Loe, cit. 
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accommodation being efifected without the eye being turned to any 
particular object. 

Imperfections in the Dioptric Apparatvs. 

% 

The emmetropic eye may be taken as the normal eye. The my- 
opic and hypermetropic eyes may be considered as imperfect eyes, 
though the former possesses certain advantages over the normal eye. 
An eye might be myopic from too great a convexity of the cornea, or 
of the anterior surface of the lens, or from permanent spasm of the 
accommodation-mechanism, or from too great a length of the long 
axis of the eyeball. According to Bonders the last is the usual cause. 
Similarly, most hypermetropic eyes possess too short a bulb. The 
presbyopic eye is, as we have seen, an eye normally constituted in 
which the power of accommodation has been lost or is failing. 

Spherical Aberration. In a spherical lens the rays which im- 
pinge on the circumference are brought to a focus sooner than those 
which pass nearer the centre, and the focus of a luminous point, ceas- 
ing to be a point, is spread over a surface. Hence when rays are 
allowed to fall on the whole of the lens, the image formed on a screen 
placed in the focus of the more central rays is blurred by the diffu- 
sion-circles caused by the circumferential rays which have been 
brought to a premature focus. In an ordinary optical instrument 
spherical aberration is obviated by a diaphragm which simts off the 
more circumferential rays. In the eye the iris is an adjustable 
diaphragm; and when the pupil contracts in near vision the more 
divergent rays proceeding from a near object, which tend to fall on 
the circumferential parts of the lens, are cut off. As, however, the 
refractive power of the lens does not increase regularly and pro- 
gressively from the centre to the circumference, but varies most 
irregularly, the purpose of the narrowing of the pupil cannot be 
simply to obviate spherical aberration ; and indeed the other optical 
imperfections of the eye are so great, that such spherical aberrations 
as are caused by the lens produce no obvious eflfect on vision. 

Astigmatism. We have hitherto treated the eye as if its dioptric 
surfaces were all parts of perfect spherical surfaces. In reality this is 
rarely the case, either with the lens or with the cornea. Slight de- 
viations do not produce any marked effect, but there is one deviation 
tolerably common to a certain extent in most eyes, and very largely 
developed in some, known as regular astigmatism. This exists when 
the dioptric surface is not spherical but more convex along one 
meridian than another, more convex, for instance, along the vertical 
than along the horizontal meridian. When this is the case the rays 
proceeding from a luminous point are not brought to a single focus 
3tt a point, but possess two linear foci, one nearer than the normal 
focus and corresponding to the more convex surface, the other farther 
bhan the normal and corresponding to the less convex surface. If 
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the vertical meridians of the surface be more convex than the hori- 
zontal, then the nearer linear focus will be horizontal and the farther 
linear focus will be vertical, and vice versa. (This can be shewn 
much more effectually on a model than in a diagram, in which we 
arejimited to two dimensions.) Now, in order to see a vertical line 
distinctly, it is much more important that the rays which diverge 
from the line in the series of horizontal planes should be brought to 
a focus properly than those which diverge in the vertical plane of the 
line itself ; and similarly, in order to see a horizontal line distinctly 
it is much more important that the rays which diverge from the lino 
in the series of vertical planes should be brought to a focus properly 
than those which diverge in the horizontal plane of the line itself. 
Hence a horizontal line held before an astigmatic dioptric surface, 
most convex in the vertical meridians, will give rise to the image 
of a horizontal line at the nearer focus, the vertical rays diverging 
from the line being here brought to a linear horizontal focus. Simi- 
larly, a vertical line held before the same surface will give rise to an 
image of a vertical line at the farther focus, the horizontal rays 
diverging from the vertical line being hero brought to a linear vertical 
focus. In other words, with a dioptric surface most convex in the 
vertical meridians, horizontal lines are brought to a focus sooner than 
are vertical lines. 

Most eyes arc thus more or less astigmatic, and generally with a 
greater convexity along the vertical meridians. If a set of horizontal 
or vertical lines be looked at, or if the near point of accommodation 
be determined by Scheiner’s experiment (p. 400), for the needle 
placed first horizontally and then vertically, the horizontal lines or 
needle will be distinctly visible at a shorter distance from the eye 
than the vertical lines or needle. Similarly, the vertical line must be 
farther from the eye than a horizontal one, if both are to be seen 
distinctly at the same time. The cause of astigmatism is, in the 
great majority of cases, the unequal curvature of the cornea; but 
sometimes the fault lies in the lens, as was the case with Young, 

When the curvature of the cornea or lens differs not in two meridians 
only but in several, irregular astigmatism is the result. A certain amount 
of irregular astigmatism exists in most lenses, thus causing the image of a 
bright point, such as a star, to be not a circle but a radiate figure. 

Chromatic Aberration, The different rays of the spectrum are 
of different refrangibility, those towards the violet end of the spec- 
trum being brought to a focus sooner than those near the red end. 
This in optical instruments is obviated by using compound lenses 
made up of various kinds of glass. In the eye we have no evidence 
that the lens is so constituted as to correct this fault ; still the total 
dispersive power of the instrument is so small, that such amount 
of chromatic aberration as does exist attracts little notice. Never- 
theless some slight aberration may be detected by careful observation. 
When the spectrum is observed at some distance the violet end will 
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not be seen in focus at the same time as the red. If a luminous 
point be looked at through a narrow orifice covered by a piece of 
violet glass, which while shutting out the yellow and green allows 
the red and blue rays to pass through, there will be seen alternately 
an image having a blue centre with a red fringe, or a red centre with 
a blue fringe, according as the image of the point looked at is thrown 
on one side or other of the true focus. Thus supposing / (Fig. 45) 



Fio. 45. Diaokam illustuatino Chbomatio Aberration. 

hh is the dioptric sarface, Tiv represents the bine, and hr the red rays ; V is the foosd 
plane of the blue, U of the red rays, 

to be the plane of the mean focus of -4, the violet rays will be 
brought to a focus in the plane F, and the red rays in the plane R; 
if the rays be supposed to fall on the retina between V and /, the 
diverging or blue rays will form a centre surrounded by the still 
converging red rays ; whereas if the rays fall on the reti’^ a between f 
and iZ, the converging red rays will form a centre Wxtn the still 
diverging blu6 rays forming a fringe round them ; when the object 
is in focus at /, the two kinds of rays will be mixed together. 

Entoptic Phenomena. The various media of the eye are not 
uniformly transparent ; the rays of light in passing through them 
undergo local absorption and refraction, and thus various shadows are 
thrown on the retina, of which we become conscious as imperfections 
in the field of vision, especially when the eye is directed to a uniformly 
illuminated surface. These are spoken of as entoptic phenomena, and 
arc very varied, many forms having been described. 

The most common are those caused by the presence of floating 
bodies in the vitreous humour, the so-called muscce volitantea. These 
are readily seen when the eye is turned towards a uniform surface, 
and are frequently very troublesome in looking through a microscope. 
They assume the form of rows and groups of beads, of single beads, 
of streaks, patches and granules, and may be recognised by their 
almost continual movement, especially when the head or eye is moved 
up and down. When an attempt is made to fix the vision upon 
them, they immediately float away. Tears on the cornea, temporary 
unevenness on the anterior surface of the cornea after the eyelid has 
been pressed on it, and imperfections in the lens or its capsule, also 
give nee to visual images. Not unfrequently a radiate figure oor* 
responding to the arrangement of the fibres of the lens makes its 
appearance. 
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Imperfections in the margin of the pupil appear in the shadow of the 
iris which bounds the field of vision; and the movements of the iris in one 
eye may be i^ndered visible by alternately closing and opening the other; 
the field of the first may be obseiwed to contract when light enters, and to 
exQp,jid when the light is shut off from the second. The media of the eye 
are fluorescent; a condition which favours the perception of the ultra- 
violet rays. If a white sheet or white cloud be looked at in daylight 
through a Nicors prism, a somewhat bright double cone or double tuft, 
with the apices touching, of a faint blue colour, is seen in the centre of the 
field of vision, crossed by a similar double cone of a somewhat yellow 
darker colour. These are spoken of as Haidinger’s brushes ; they rotate 
as the prism is rotated, and are supposed to be due to the unequal absorp- 
tion of the polarized light in the yellow spot. The prism must be frequently 
rotated, as when the prism remains at rest the phenomena fade. Lastly, 
according to Helmholtz, the optical arrangements have a further imper- 
fection in that the dioptric surfaces are not truly centred on the optic 


Sec. 2. Visual Sensations. 

Light falling on the retina gives rise to sensory impulses^ which 
passing up the optic nerve through certain parts of the brain, and 
becoming, as we have reason to believe, modified in various cerebral 
structures, finally affect our consciousness, and call forth sensations. 
In a sensation we ought to be able to distinguish between the events 
t hrough whlch the impact of t lm rays of light on the retina ia enabled 
to generate sensory impulses /ana the events, or r ather series of 
events, tl irough w hich these sensory i mpulses Cfor. judging by the 
analogy of motor nerves, we have no reason to think that they under- 
go any fundamental changes in passing along the optic nerve), by the 
agency of the c erebral arra ngemen ts, are ^ converted Jutfi a seuaa- 
^n. Such an analysis, however, is at present at least, in most 
particulars, quite beyond our power ; and wo must therefore treat of 
the sensations as a whole, distinguishing between the peripheral and 
central phenomena, on the rare occasions when we are able to do so. 

Holmgren' and Dewar and McKondrick® have shown that the natural 
electric currents of the optic nerve, viz. those witnessed when the elec- 
trodes are placed on the retina and on points of the longitudinal surface 
of the optic nerve respectively, undergo a change, sometimes negative 
but sometimes positive, or according to the latter observers, always positive 
when light falls on the retina. Stimulation of the retina by light therefore 
produces in the optic nerve, as does ordinary stimulation in a motor 
nerve, a change in the natui^ nerve-currents. This is almost the only 
objective information we possess concerning the production of optical 
sensory impulses. Dewar and McKendrick have further shewn that 
the amount of change in the electrical current varies with the stren^h 
of the stimulus, obeying approximately, but not precisely, a law which 

1 CentrhU Med. Wise. 1871, 423, 43a 
• Trans. Roy. Soc. Edin. 1873. 
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regulates the relations of not only optical but all sensations to the stimulus 
which produces them, and which we shall presently speak of as Fechner’s 
law. 

Vimal Foible. The recent discovery that the outer layer of the 
retina (outer limbs of the rods) is normally coloured with a pufple 
colour, which is bleached or destroyed by exposure to light and re- 
stored by rest in the dark, seemed at first destined to prove a mo- 
mentous step in advance as regards our knowledge of the origination 
of visual impulses. Especially did this seem to be the case when the 
visual purple was found to be so sensitive that an image could be 
fixed on the retina after the fashion of a photograph. The subse- 
quent discovery that the colour (which is almost if not exclusively 
confined to the rods and absent from the cones) does not in man 
exist in the fovea centralis, where vision is most distinct, and that 
some animals, at all events (frogs), can see very well indeed in the 
total absence of their visual purple, shews how much further know- 
ledge is required before any definite statement can be made con- 
cerning the function of this colouring matter. 

As long ago as 1839 Krohn called attention to the rose colour of the 
retinas of cephalopoda; but though his observations were confirmed by 
Max Schultze and others, and though some years afterwards H. Mtiller, and 
Leydig and Max Schultze, found a similar colouration in the retinas of 
frogs and other vertebrates, the matter did not attract any g interest 
until Boir discovered that this colour was susceptible to light, being 
bleached when the eye was exposed to light but returning again when the 
eye was kept in the dark. He found that when the eye of a frog which 
had been kept for some time in the dark was rapidly opened, the outer 
limbs of the rods of the retina presented a very beautiful purple, or (as he 
afterwards preferred to call it) red colour, which after a few seconds^ ex- 
posure to light changed into a yellow and finally disappeared, leaving the 
rods colourless. Scattered among these red or purple rods were a number 
of bright green I'ods, the colour of which also faded on exposime to light. 
If the frog had previously been exposed for some time to a bright light, 
the retina, even with the most rapid manipulation, was found to be 
colourless. And by examining at intervals the eyes of a series of frogs 
which after being kept in the dark had been exposed to light for variable 
periods, and convei*sely of frogs which, after an exposure to bright light, 
had been kept in the dark for variable periods. Boll was enabled to satisfy 
himself that, in the living eye at all events, the colour of the rods was 
destroyed by exposure to light and restored by rest in the dark. Using 
under similar circumstances monochromatic instead of white light, he came 
to the conclusion that under exposure to green light the retina became 
first purple then violet, and finally colourless; under blue and violet light, 
it first suffered a change to violet and finally lost all colour ; while under 
red light it became a deeper red, under yellow light a brighter red, and 
when exposed to the ultrarviolet rays underwent very little change. He 
found this visual purple or visual red in the outer limbs of the rods not 

^ Berlin, Sitzunffsberichte, 1876, Sitzung, Nov. 12, 1877, Sitzung. Jan. 11. l)u 
Bois-heymond’s Archiv, 1877, p. 4. 
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only of the frog, but of all other vertebrates, including mammalia, whose 
retinas contain sufficiently conspicuous rods. He concluded that the colour 
must be largely concerned in the act of vision. 

Killyie^ taking up and largely extending Boll’s discovery has been led 
to the following results ; 

^he colour of the rods is due to the presence of a distinct pigment, 
the visual purple, which may be extracted from the substance of the rods 
by dissolving these in an aqueous solution of bile salts. A clear purple 
solution is thus obtained, which is capable of being bleached by the action 
of light, and in its general features and behaviour is similar to the pigment 
as it naturally exists in the retina. 

Visual purple is found exclusively in the outer limbs of the rods ; it 
has never yet been found in the cones, and it is accordingly absent from 
the rethias of animals (such as those of snakes) which are composed of 
cones only, and from the macula lutea and fovea centralis of the retinas of 
man and the ape. The intensity of the colouration varies in different 
animals, and the retinas even of some animals possessing rods (bat, dove, 
hen) seem to be wholly devoid of the visual i)urple ; it is generally well 
marked in retinas in which the outer limbs of the rods are well developed. 
Its absence or presence is not dependent on nocturnal habits, since the 
intense colour of the retina of the owl is in strong contrast to the 
absence of colour in the bat. It has been found in the retina of a 
sheeps embryo. As a general rule the amount of pigment present may 
be said to be in inverse ratio to the development of coloured ‘globules’ or 
‘lenses* in the rods and cones; but it would be premature to insist on 
any exact relation. 

The visual purple is bleached not only by white but also by mono- 
chromatic light; the change however in the latter is slower than in the 
former. Of the various i)rismatic rays the most active are the greenish 
yellow rays, those to the blue side of these coming next, the least active 
being the red. Now it is precisely the gi’eenish yellow rays which 
are most readily absorbed by the colour itself. A natuml coloured retina 
or a solution of visual purple gives a diffuse spectrum without any defined 
absorption bands, and according to the amount of colouring material 
through which the light passes, absorption is seen either to be limited to 
the greenibh yellow part of the spectrum or to spread thence towards the 
blue and to a much less extent towards the red Thus the various pris- 
matic rays produce a photochemical effect on the visual purple in proportion 
as they are absorbed by it. Under the action of light the visual purple, 
whether in solution, or in its natural condition in the rods, passes througli 
what Ktihne calls a chamois colour (i.e, the purplish orange seen on the 
chamois) to a yellow, and finally becomes colourless; and Kilhne believes 
that he is justified in speaking of a visual yellow and visual white as 
products of the photochemical changes undergone by the visual purple. 

For the restoration of the visual purple, after it has been destroyed by 
light, the maintenance of the circulation of the blood through the tissues 
of the eye is not essential. The choroidal epithelium has by itself, provided 
that it still retains its tissue life, the power of regenerating the purple. 

1 Zur Photochemie der Netzhaut, Ueher den Sekpurpur^ Verhandl. d. NaturhistorUch^ 
med, Vereins in Heidelberg, Bd, i. 1877. Sehen ohm Purpxir. Unteremh. Physiol. 
Instit. Heidelberg, Bd. i. 1877. Ewald and Kiiline, Ueher den Sehpurpur, ibid. 
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If a portion of the retina of an excised eye be raised from its epithelial bed, 
bleached, and then carefully restored to its natural position, the purple will 
return if the eye be kept in the dark. The choroidal epithelium may in 
&ct be spoken of as a ‘purpurogenous' membrane. ^ 

If an excised eye, a portion of the retina of which has been bleached by 
light, be treated with a 4 p. c. solution of potash alum before the chorc^dal 
epithelium has had time to obliterate the bleaching effects, the retina may 
remain permanently in that condition, the photochemical effect may, as the 
photographers say, be fixed. In this way KiQme succeeded in obtaining 
promising ‘optograms*. 

The above facts leave no room for doubt that the visual purple is 
in some way concerned in vision, but it is impossible at present to say 
what is its exact function. Its conspicuous absence from the cones, and 
especially its absence from the fovea centralis of man, shew that vision, 
indeed the best and most exact vision, may take place without it; and 
Kiihne has satisfied himself that frogs whose retinas have been wholly and 
thoroughly bleached by exposure to light can see perfectly well. It is very 
tempting to connect the purple in some way with colour vision, but we 
know that our colour vision is most exact in the fovea centralis, and the 
frogs just spoken of seemed to be as susceptible to colour as normal frogs. 

Simple Sensations. 

Selations of the Sensation to the Stimulus. If wo put aside 
for the present all questions of colour, we may say that viewed 
as a stimulus affecting the retina, varies in int ^q^itv . that is, in the 
energy of the luminous vibrations as manifested by their amplitude, 
npd Tr\ that is, in the length of time the waves continue to 

fall upon the retina. The effect of the light will also depend on the 
extent of retinal surface exposed to the luminous vibrations at the 
same time. Taking a luminous point, in order to eliminate the latter 
circumstance, we may make the following statements. 

The sensation has a duration much greater than that of the 
stimulus, and in this respect is comparable to a muscular contraction 
caused by such a stimulus as a single induction shock. The sensa- 
tion of a flash of light lasts for a much longer time than that during 
which luminous vibrations are falling on the retina. Hence when 
two stimuli, such as two flashes of light, follow each other at a suffi- 
ciently short interval, the two sensations are fused into one; and 
a luminous point moving rapidly round in a circle gives rise to the 
sensation of a continuous circle of light. This again is quite com- 
parable to muscular tetanus. The interval at which fusion takes 
place, that is the interval between successive stimuli which must be 
exceeded in order that successive distinct sensations may be pro- 
duced, varies according to the intensity of the light, being shorter 
with the stronger light ; with a faint light it is about sec., with a 
strong light or ^ sec. This may be shewn by rotating rapidly 
before the eve a disc arranged with alternate black and white sectors 
of equal width. With a faint illumination, the flickering indicative 
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of the successive sensations from the white sectors not being com- 
pletely fused, ceases when the rotation becomes so rapid that each 
pair of black and white sectors takes only ^ sec. in passing before 
the eye. When a brighter illumination is used the rapidity must 
be increased before the flickering disappears. That part of the 
sensation which is recognized as lasting after the cessation of the 
stimulus is frequently spoken of as the ‘ after-image.* 

Though the sensation is longer with the stronger light (that from 
looking at the sun lasting for some time) the commencement of the 
decline begins relatively earlier, hence the greater difficulty in the complete 
fusion of successive sensations with the brighter light. The interval at 
which fusion takes place differs with different colours, being shortest with 
yellow, intermediate with red, and longest with blue. 

The duration of a stimulus necessary to call forth a sensation is 
exceedingly^short, that is to say, the number of vibrations which must 
fall on the retina in order to affect consciousness may be exceedingly 
small. Thus the shortest possible flash, such as that of an electric 
spark, gives rise to a sensation of light. 

Objects in motion when illuminated by a single electric spark appear 
motionless, the stimulus of the light reflected from them ceasing before 
they can make an appreciable change in their position. When a moving 
body is illuminated by several rapid flashes in succession, several distinct 
images corresponding to the positions of the body during the several flashes 
are generated; the images of the body corresponding to the seveiul flashes 
fall on different parts of the retina. 

The intensity of the sensation varies with the luminous in- 
tensity of the object ; a wax candle appears brighter than a rushlight. 
The ratio, however, of the sensation to the stimulus is not a simple 
one. If the luminosity of an object be gradually increased from a 
very feeble stage to a very bright one, it will be found that the cor- 
responding sensations, though they likewise gradually increase, in- 
crease less and loss slowly than the luminosity ; and at last an increase 
of the luminosity produces no appreciable increase of sensation. A 
light when it reaches a certain brightness, appears so bright that we 
cannot tell when it becomes any brighter. Hence it is much easier 
to distinguish a slight difference of brightness between two feeble 
lights than the same difference between two bright lights ; we can 
easily tell the difference between a rushlight and a wax candle ; but 
two suns, one of which differed from the other merely by just the 
number of luminous rays which a wax candle emits in addition to 
those sent forth by a rushlight, would appear to us to have exactly 
the same brightness. In a darkened room an object placed before 
a candle will throw what we consider a deep shadow on a sheet of 
paper, or any white surface. If, however, the sunlight be allowed 
to fall on the paper at the same time from the opposite side, the 
shadow is no longer visible. The difference between the total light 
reflected from that part of the paper where the shadow was, and 

F. P. 27 
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If a portion of the retina of an excised eye be raised from its epithelial bed, 
bleached, and then carefully restored to its natural position, the purple will 
return if the eye be kept in the dark. The choroidal epithelium may in 
fact be spoken of as a ‘p\irpurogenous^ membrane. 

If an excised eye, a portion of the retina of which has been bleached by 
light, be treated with a 4 p. c. solution of potash alum before the choroidal 
epithelium has had time to obliterate the bleaching effects, the retina may 
remain permanently in that condition, the photochemical effect may, as the 
photographers say, be fixed. In this way Kiihne succeeded in obtaining 
promising ‘optograms*. 

The above facts leave no room for doubt that the visual purple is 
_ some way concerned in vision, but it is impossible at present to say 
hat is its exact function. Its conspicuous absence from the cones, and 
especially its absence from the fovea centralis of man, shew that vision, 
indeed the best and most exact vision, may take place without it; and 
Ktibne has satisfied himself that frogs whose retinas have been wholly and 
thoroughly bleached by exposure to light can see perfectly well. It is very 
tempting to connect the purple in some way with colour vision, but we 
know that our colour vision is most exact in the fovea centralis, and the 
frogs just spoken of seemed to be as susceptible to colour as normal frogs. 

Simple Sensations, 

Relations of the Sensation to the Stimulus. If wo put aside 
for the present all questions of colour, we may say that li^ht, viewed 
as a stimulus affecting the retina, varies in intensity , that is, in the 
energy of the luminous vibrations as ma^dfested by their amplitude, 
fl-qd jn that is, in the length of time the waves continue to 

fall upon the retina. The effect of the light will also depend on the 
extent of retinal surface exposed to the luminous vibrations at the 
same time. Taking a luminous point, in order to eliminate the latter 
circumstance, we may make the following statements. 

The sensation has a duration much greater than that of the 
stimulus, and in this respect is comparable to a muscular contraction 
caused by such a stimulus as a single induction shock. The sensa- 
tion of a flash of light lasts for a much longer time than that during 
which luminous vibrations are falling on the retina. Hence when 
two stimuli, such as two flashes of ligbt^ follow each other at a sufii- 
ciently short interval, the two sensations are fused into one; and 
a luminous point moving rapidly round in a circle gives rise to the 
sensation of a continuous circle of light. This again is quite com- 
parable to muscular tetanus. The interval at which fusion tajees 
place* that is the interval between successive stimuli wt^h must be 
exee^ed in Crder that suooessive distinct sensations may be pro** 
ducedi varies according to the intensity of the light, being 
with the stronger light ; with a faint light it is about *^8ec.| With a 
strong light or ^ sec. This may be shewn Isgr rotating ra|dd}y 
before the eve a disc arranged mth {dtemate black and while seet(mi 
of equal wiath. With a mint illumination, the flickering indicative 
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of the successive sensations from the white sectors not being com- 
pletely fused, ceases when the rotation becomes so rapid that each 
pair of black and white sectors takes only sec. in passing before 
the eye. When a brighter illumination is used the rapidity must 
be increased before the flickering disappears. That part of the 
sensation which is recognized as lasting after the cessation of the 
stimulus is frequently spoken of as the ‘ after-image.' 

Though the sensation is longer with the stronger light (that from 
looking at the sun lasting for some time) the commencement of the 
decline begins relatively earlier, hence the greater difficulty in the complete 
fusion of successive sensations with the brighter light. The interval at 
which fusion takes place differs with different colours, being shortest with 
yellow, intermediate with red, and longest with blue. 

The duration of a stimulus necessary to call forth a sensation is 
exceedingly ‘short, that is to say, the number of vibrations which must 
fall on the retina in order to affect consciousness may be exceedingly 
small. Thus the shortest possible flash, such as that of an electric 
spark, gives rise to a sensation of light. 

Objects in motion when illuminated by a single electric spark appear 
motionless, the stimulus of the light reflected from them ceasing before 
they can make an appreciable change in their position. When a moving 
body is illuminated by several rapid flashes in succession, several distinct 
images corresponding to the positions of the body during the several flashes 
are generated; the images of the body corresponding to the several flashes 
fall on different parts of the retina. 

The intensity of the sensation varies with the luminous in- 
tensity of the object ; a wax candle appears brighter than a rushlight. 
The ratio, however, of the sensation to the stimulus is not a simple 
one. If the luminosity of an object be gradually increased from a 
very feeble stage to a very bright one, it will be found that the cor- 
responding sensations, though they likewise gradually increase, in- 
crease less and less slowly than the luminosity ; and at last an increase 
of the luminosity produces no appreciable increase of sensation. A 
light when it reaches a certain brightness, appears so bright that we 
cannot tell when it becomes any brighter. Hence it is much easier 
to distinguish a slight difference of brightness between two feeble 
lights than the same difference between two bright lights ; we can 
easily tell the difference between a rushlight and a wax candle ; but 
two suns, one of which differed from the other merely by just the 
number of luminous rays which a wax candle emits in auction to 
those sent forth by a rushli^t, would appear to us to have exactly 
the same brightness. In a darkened room an object placed before 
a candle will throw what we consider a deep shadow on a sheet of 
paper, or anv white surface. If, however, the sunlight be allowed 
to fail on tne paper at the same time from the opposite side, the 
shadow is no longer visible. The difference between the total light 
reflected from that part of the paper where the shadow was, and 
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which is illuminated by the sun alone, and that reflected from the 
rest of the paper which is illuminated by the candle as well as by the 
sun, remains the same ; yet we can no longer appreciate that dil- 
ference. 

On the other hand, if we throw two shadows on a white smface 
with two rushlights and move one rushlight away until the shadow 
caused by it ceases to be visible; and, having noted the distance to which 
it had to be moved, repeat the same experiment with two wax candles; 
we shall And that the wax candle has to be moved just as far as the 
rushlight. In fact, it is found by careful observation, that within 
tolerably wide limits, the smallest diflerence of visual sensation which we 
can appreciate is a constant fraction (about yj^rth) of the total luminosity 
of the light employed. The same law holds good with regard to the 
other senses as well. The smallest difference in length we can detect 
between two lines, one an inch long and the other a little less than an 
inch, is the same fraction of an inch, that the smallest difference in length 
we can detect between a line a foot long and one a little less than a foot, 
is of a foot. Put in a more general form then, the law, which is often 
called Weberns law, is as follows : When a stimulus is continually increased, 
the smallest increase of sensation which we can appreciate remains the same 
if the proportion of the increase of stimulus to the whole stimulus remains 
the same; that is to say, the one varies directly as the other. Fechner, re- 
garding sensation as the summation of a series of increments of sensation 
corresponding to increments of stimulus, and making use of the mathe- 
matical operation of integration, transformed the above statt dfent into the 
expression that ‘‘sensation varies, not as the stimulus, but as the 
logarithm of the stimulus.” This expression is frequently Bj>oken of 
as Fechner’s formula, or Fechner’s law. It must be remembered, however, 
that Weber's law, on which Fechner's formula is based, is true within 
certain limits only. The latter indeed must be considered rather as a 
useflil and convenient than as an exact expression \ 

Distinction and Fiuion of Sensations. When light falls on a 
large portion of the retina the total sensation produced is greater in 
amount than when a small portion only of the retina is affected ; 
a large piece of white paper produces a greater total effect on our 

Ar 

1 Weber’s law may be stated mathematically as AS=ir — , where AS is the smallest 

appreciable increment of sensation caused by Ax, the corresponding increment of the 
stimulus X, and iC is a constant. 

If this be integrated we get 

logx+c. 

If X be diminished there will be a certain value of x at which all sensation ceases ; 
if this be x\ then 

O—iTlog x' + c, 

or c=~JClogx', 

whence S=K log x — K log x'. 


which is Fechner’s more complete formula. 
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consciousness than a small one, though, if the surfaces be uniformly 
and equally illuminated, the intendty of the sensation is in each case 
the same ; the small piece of paper appears as bright or as ‘white* as 
the large one. If the images of two luminous objects fall on the 
retina at sufficient distances apart, the consequent sensations are 
distinct, and the intensity of each sensation will depend solely upon 
the luminosity of the corresponding object. If however the two 
objects are made to approach each other, a point will be reached at 
which the two sensations are fused into one. When this occurs the 
intensity of the total sensation produced will be greater than that 
of either of the sensations caused by the single objects. A number 
of luminous points scattered over a wide surface would appear each 
to have a certain brightness ; each would give rise to a sensation of 
a certain intensity. If they were all gathered into one spot, that 
spot would appear far brighter than any of the previous points ; the 
intensity of the sensation would be greater. We may therefore sup- 
pose the retina to be divided into areas eorresponding to sensational 
units. If the images from two luminous objects fall on separate 
visual areas, if we may so call them, two distinct sensations will be 
produced ; if, on the contrary, they both fall on the same visual area, 
one sensation only will be produced. Where the sensations are 
separate, the intensity of the one (with exceptions hereafter to be 
mentioned) is not affected by the presence of the other; but where 
they become fused the intensity of the united sensations is greater 
than either of, though not equal to the sum of, the single sensations. 
The existence of these sensational units is the basis of distinct vision. 
When we speak of the smallest size visible or distinguishable, we 
are refemng to the dimensions of the retinal areas corresponding 
to these sensational units. The retinal area must be carefully dis- 
tinguished from the sensational unit, for the sensation is, as we 
have seen, a process whose arena stretches from the retina to certain 
parts of the brain, and the circumscription of the sensational unit, 
though it must begin as a retinal area, must also be continued as a 
cerebral area in the brain, the latter corresponding to, and being as 
it were the projection of, the former. With most people two stars 
appear as a single star when the distance between them subtends 
an angle of less than 60 seconds ; and Weber found that the best 
eyes failed to distinguish two parallel white streaks whose median 
lines were at a distance less than that subtending an angle of 73 
seconds. Hirschmann^ could distinguish objects 50 seconds distant 
from each other. An angle of 73 seconds in an object corresponds 
in the diagrammatic eye (see p. 398) to the length of 5 ’26 /x** in the 
retinal image, and one of 50 seconds to 3*65 fi. 

Max Schultze® counted 50 cones along a line of 200/14 in length 
drawn through the centre of the yellow spot ; this would give 4 for 

1 Quoted by Helmholtz, Thyi, Optik. p. 841. 

* By /rt is meant one-thousandth of a millimetre. 

* Strieker, Handbucht p. 1023. 
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the distance between the centres of two adjoining cones in the yellow 
spot, the average diameter of a cone at its widest part being 3/i and 
tnere being slight intervals between neighbouring cones. Hence if 
we take the centre of a cone as the centre of an anatomical retinal 
area, these anatomical areas correspond very fairly to the physio- 
logical visual areas as determined above. 


That is to say, if two points of the retinal image are less than 4 ft 
apart, they may both lie within the area of a single cone ; and it is just 
when they are less than about 4 ft apart that they cease to give rise to two 
distinct sensations. It must be remembered, however, that the fusion or 
distinction of the sensations is ultimately determined by the brain and not 
by the retina. Two points of the retinal image less than 4 ji apart might 
lie both within the area of a single cone ; but the reason why, under such 
circumstances, they give rise to one sensation only is not because one cone- 
fibre only is stimulated. Two points of a retinal image might lie, one on the 
area of one cone and another on the area of an adjoining cone, and still be 
less than 4 ft apart ; in such a case two cone fibres would be stimulated, and 
yet only one sensation would be produced. So also in the less sensitive 
peripheral parts of the retina two points of the retinal image might stimu- 
late two cones a considerable distance apart, and yet give rise to one sensa- 
tion only. 

In the case where the two points lie entirely within the area of a single 
cone, it is exceedingly probable that, even if the adjacent cones or cone-fibres 
in the letina are not at the same time stimulated, impulses adiate from the 
cerebral ending of the excited cone into the neighbouring cerebral endings 
of the neighbouring cones; in other words, the sensation-area in the brain 
does not exactly correspond to and is not sharply defined like the retinal 
area, but gradually fades away into neighbouring sensation-areas. We may 
letmal image so far apart that even the extreme 
margms oi tbeir respective ceTe\>Ya\ seusatiou-areaft do not tonda eae\i other 
in the h ast , in such a cafce there can be no doubt about tbe two points 


giving xise to two scnbations. Wo might, however, imagine a second case 
where two points were ,]U8t so far apart that their respective sensation- 

“"<1 y*”*- in passing from the 

examination a consiSIl^faU 

and in a third case we mmht imaffi junction of the two areas ; 

other that in pS L" to be so close to each 

sensation could he discovered ^ In if 8rP*^We diminution of 

sensation, in the second S™', 'If* be but one 

fell were great eS ^ “““tions if the marginal 

though the mosaic of i^ and ponf^ wt coalesced. Thus, 

tinction or fusion of two visual imnni* <ii*thaot vision, the dis- 

disposition and condition of the determined by the 

increasing by exereise tbe facultv of possibility of 
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sensation of white light When we look at the same light through 
a prism, and allow different parts of the spectrum to fall in suc- 
cession into the eye, we have sensations which we call respectively 
sensations of red, yellow, green and blue light. In other words, rays 
of dight falling on the retina give rise to different sensations, accord- 
ing to the wave-lengths of the rays. Though we speak of the spec- 
trum as consisting of a few colours— red, green, &c., there are an 
almost infinite number of intermediate tints in the spectrum itself; 
and we perceive in external nature a large number of colours, such as 
purple, brown, grey, &c., which do not correspond to any of the 
colour sensations gained by regarding the successive parts of the spec- 
trum. We find however, on examination, that many apparently 
distinct colour sensations may be obtained by the fusion of two or 
more other colour sensations. Thus purple, which is not present in 
the spectrum, may be at once produced by fusing the sensations of 
blue and red in proper proportions ; and the various tints and shades 
of nature may be imitated by fusing a particular colour sensation 
with the sensation of white, or by allowing a certain quantity of 
light of a particular colour to fall sparsely over the area of the retina, 
which is at the same time protected from the access of any other 
light, f. e, as we say, by mixing the colour with black. Thus the 
browns of nature result from various admixtures of yellow, red, white 
and black; and a small quantity of white light, scattered over a large 
area of the retina, t. e. white largely mixed with black, forms a grey. 
In fact, the qualities of a colour depend (1) on the nature of the pris- 
matic colour or colours falling on a given area of the retina, i e. on 
the wave-lengths of the constituent rays ; (2) on the amount of this 
coloured light which falls on the area of the retina in a given time ; 
and (3) on the amount of white light falling on the same area at the 
same time. When rays corresponding to a prismatic colour fall upon 
the retina unaccompanied by any white light, the colour is said to be 
'saturated’; and a colour is spoken of as more or less saturated ac- 
cording as it is mixed with less or more white light. We are guided 
by the first of the above conditions when we desciibe a colour as being 
ot such a tint or hue. But we have no common phrases by which we 
distinguish the second of the above conditions from the third. The 
word 'pie,’ it is true, is most frequently used to express a colour 
very slightly saturated; but the \ords ‘rich* or ‘deep’ are used 
sometimes as meaning highly saturated, sometimes as meaning simply 
that a large quantity of light of the particular hue is passmg into 
the eye. So also with the phrase ‘bright’ ; this we often use when a 
large amount of coloured and white light fall at the same time on 
the same retinal ares,, but we sometimes also use it to express the 
mere intensity of the sensation independent of the amount of satu- 
ration. 
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the distance between the centres of two adjoimng cones in the yellow 
spot, the average diameter of a cone at its widest part being 3 /a and 
tnere being slight intervals between neighbouring cones. Hence if 
we take the centre of a cone as the centre of an anatomical retinal 
area, these anatomical areas correspond very fairly to the physio- 
logical visual areas as determined above. 

That is to say, if two points of the retinal image are less than 4 ft 
apart, they may both lie within the area of a single cone ; and it is just 
when they are less than about 4 ft apart that they cease to give rise to two 
distinct sensations. It must be remembered, however, that the fusion or 
distinction of the sensations is ultimately determined by the brain and not 
by the retina. Two points of the retinal image less than 4 ft apart might 
lie both within the area of a single cone ; but the reason why, under such 
circumstances, they give rise to one sensation only is not because one cone- 
fibre only is stimulated. Two points of a retinal image might lie, one on the 
area of one cone and another on the area of an adjoining cone, and still be 
less than 4 ft apart ; in such a case two cone- fibres would be stimulated, and 
yet only one sensation would be produced. So also in the less sensitive 
peripheral parts of the retina two points of the retinal image might stimu- 
late two cones a considerable distance apart, and yet give rise to one sensa- 
tion only. 

In the case where the two points lie entirely within the area of a single 
cone, it is exceedingly probable that, even if the adjacent cones or cone-fibres 
in the retina are not at the same time stimulated, impulses radiate from the 
cerebral ending of the excited cone into the neighbouring Cerebral endings 
of the neighbouring cones j in other words, the sensation-area in the brain 
does not exactly correspond to and is not sharply defined like the retinal 
area, but gradually fades away into neighbouring sensation-areas. Wo may 
imagine two joints of the retinal image so far apart that even the extreme 
margins of their respective cerebral sensation-areas do not touch etich other 
in the least ; in such a case there can be no doubt about the two points 
giving rise to two sensations. We might, however, imagine a second case 
where two points were just so far apart that their resi)ective sensation- 
areas should coalesce at their margins, and yet that in passing from the 
centre of one sensation-area to the centre of the other, we should find on 
examination a considerable fall of sensation at the junction of the two areas ; 
and in a third case we might imagine the two centres to be so close to each 
other that in passing from one to the other no appreciable diminution of 
sensation could be discovered. In the last case there would be but one 
sensation, in the second there might still bo two sensations if the marginal 
fall were great enough, even though the areas partially coalesced. Thus, 
though the mosaic of rods and cones is the basis of distinct vision, the dis- 
tinction or fusion of two visual impulses is ultimately determined by the 
disposition and condition of the cerebral centres. Hence the possibility of 
inci’easing by exercise the faculty of distinguishing two sensations. This 
however is even more strikingly shewn in touch than in sight. 

Colour Sensations. 

When we allow sunlight reflected from a cloud or sheet of 
paper to fall into the eye, we have a sensation which we call a 
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sensation of white light. When we look at the same light through 
a prism, and allow different parts of the spectrum to fall in suc- 
cession into the eye, we have sensations which we call respectively 
sensations of red, yellow, green and blue light. In other words, rays 
of dight falling on the retina give rise to different sensations, accord- 
ing to the wave-lengths of the rays. Though we speak of the spec- 
trum as consisting of a few colours — red, green, &c., there are an 
almost infinite number of intermediate tints in the spectrum itself ; 
and we perceive in external nature a large number of colours, such as 
purple, brown, grey, &c., which do not correspond to any of the 
colour sensations gained by regarding the successive parts of the spec- 
trum. We find however, on examination, that many apparently 
distinct colour sensations may be obtained by the fusion of two or 
more other colour sensations. Thus purple, which is not present in 
the spectrum, may be at once produced by fusing the sensations of 
blue and red in proper proportions ; and the various tints and shades 
of nature may bo imitated by fusing a particular colour sensation 
with the sensation of white, or by allowing a certain quantity of 
liglit of a particular colour to fall sparsely over the area of the retina, 
which is at the same time protected from the access of any other 
light, t.e, as we say, by mixing the colour with black. Thus the 
browns of nature result from various admixtures of yellow, red, white 
and black ; and a small quantity of white light, scattered over a large 
area of the retina, i. e. white largely mixed with black, forms a grey. 
In fact, the qualities of a colour depend (1) on the nature of the pris- 
matic colour or colours falling on a given area of the retina, i. e. on 
the wave-lengths of the constituent rays ; (2) on the amount of this 
coloured light which falls on the area of the retina in a given time ; 
and (8) on the amount of white light falling on the same area at the 
same time. When rays corresponding to a prismatic colour fall upon 
the retina unaccompanied by any white light, the colour is said to be 
‘ saturated ’ ; and a colour is spoken of as more or less saturated ac- 
cording as it is mixed with less or more white light. We are guided 
by the first of the above conditions when we describe a colour as being 
of such a tint or hue. But we have no common phrases by which we 
distinguish the second of the above conditions from the third. The 
word ‘pale,’ it is true, is most frequently used to express a colour 
very slightly saturated; but the Avords ‘rich’ or ‘deep’ are used 
sometimes as meaning highly saturated, sometimes as meaning simply 
that a large quantity of light of the particular hue is passing into 
the eye. So also with the phrase ‘ bright* ; this we often use when a 
large amount of coloured and white light fall at the same time on 
the same retinal area, but we sometimes also use it to express the 
mere intensity of the sensation independent of the amount of satu- 
ration. 

The best method of fusing colour sensations is that adopted by Maxwell, 
of allowing two different parts of the spectrum to fail on the same part 
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of the retina at the same time. The use of the pure prismatic colours 
eliminates errors which arise when pigments, the colours of which are not 
pure, but mixed, are employed. And where pigments are used it is the 
sensations which must be mixed and not the pigments themselves. Thus 
while the sensations of yellow and indigo when fused give rise to a sensa- 
tion of white, yellow and indigo pigments when mix^l appear green on 
account of their reciprocally absorbing part of each other^s colour ; the indigo 
particles absorb the red of the yellow, and the yellow particles absorb the 
blue of the indigo, so that only green is left for both to reflect. When pure 
pigments, i, e. pigments corresponding as closely as possible to the prismatic 
colours, are used, satisfactoiy re&ults may be gained, either by using the 
reflection of the image of one pigment so that it falls on the retina at 
the same spot as the direct image of the other, or by allowing the image 
of one pigment to fall on the retina before the sensation produced by 
the other has passed away. The first resiilt is easily reached by Helmholtz’s 
simple method of placing two pieces of coloured paper a little distance 
apart on a table, one on each side of a glass plate inclined at an angle. 
By looking down with one eye on the glass plate the reflected image of 
the one paper maj^ be made to coincide with the direct image of the other, 
the angle which the glass plate makes with the table being adjusted to the 
distance between the pieces of paper. In the second method, the ‘ colour 
top ’ is used ; sectors of the colours to be investigated are placed on a 
disc made to rotate very rapidly, and the image of one colour is thus 
brought to bear on the I'etina so soon after the image of a.*(}ther, that the 
two sensations are fused into one. 

When the sensations corresponding to the several prismatic 
colours are fused together in various combinations, the following 
remarkable results are brought about. 

1. When red and yellow in certain proportions are mixed to- 
gether the result is a sensation of orange, quite indistinguishable 
from the orange of the spectrum itself. Now the latter is produced 
by rays of certain wave-length, whereas the rays of red and of yellow 
are respectively of quite a different wave-length. The orange of the 
spectrum cannot be made up by any mixture of the red and the 
yellow of the spectrum in the sense that the red and yellow rays can 
unite together to form rays of the same wave-length as the orange 
rays ; the three things are absolutely different. It is simply the 
mixed sensation of the red and yellow which is so like the sensation 
of orange; the mixture is entirely and absolutely a physiological 
one. And since we must suppose that rays of different wave-length 
give rise to different sensory impulses, and that the sensory im- 
pulses generated by orange rays are different from those generated 
by red and by yellow rays, we are led to infer either that the sensory 
impulses which rays of a given wave-length originate are themselves 
of a mixed character, or that the mixture takes place at the time 
when the sensory impulses are becoming converted into sensations. 
The first of these views is the one generally adopted. 

2. When certain colours are mixed together in pairs in certain 
definite proportions, the result is white. These colours are 
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Red (near a)', and Blue-Green (near F), 

Orange (near C), and Blue (between F and G), 

Yellow (near D), and Indigo-Blue (near G), 

Green-Yellow (near E), and Violet (between G and H), 

and are said to be ‘ complementary' to each other. To these might 
be added the peculiar non-prismatic colour purple, which with green 
also gives white. 

3. If we select arbitrarily any three distinct colours, ie. any 
three parts of the spectrum sufficiently far apart, say red, green, and 
blue, we can, by a proper adjustment of the proportions of each, 
produce white. Further, by a proper addition of white, these three 
colours can be taken in such proportions as to produce the sensations 
of all other colours. That is to say, given three standard sensations, 
all the other sensations may be gained by the proper mixture of 
these. 

If we suppose that the visual apparatus is so constructed that we 
possess three standard sensations, and that rays of different wave-length 
produce all three of these sensations to a different extent accord- 
ing to their wave-length, wo can easily regard the whole of our sensa- 
tions of colour as compounds of three ‘primary colour sensations.' 
We might thus represent our colour sensations by such a diagram as 
that given in Fig. 46, where one primary sensation is seen to be pro- 



Fio. 46. Diaoeam of Thbbe Primary Colour Sensations. 

1 is the so-caUed ‘red,’ 2 * green,* and 3 ‘ violet ’ primary colour sensation. jR,0,r, &c. 
represent the red, orange, yellow, &c. , colour of the spectrum, and the digram 
shews, by the height of the curve in each case, to what extent the several primary 
colour sensations are respectively excited by vibrations of different wave-lengths. 


duced in greatest intensity by the rays at the red end of the spec- 
trum, the second by those near the middle, and the third by those at 
the violet end of the spectrum. Under this view orange rays are 
those which produce much of the first sensation, less of the second, 
and hardly any of the third; whereas blue rays produce much of the 
third, less of the second, and hardly any of the first; and so on. 


^ These letters refer to Frauenhofer’s lines. 
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This theory of three priiuary coloiir sensations we owe to Young ; but 
since its gener^ acceptance has been largely due to the labours of Helm- 
holtz^ it is frequently spoken of as the Young-Helmholtz theory. Young’s 
view took the form of the hypothesis that there were present in the retina 
three sets of fibres, each set corresponding to a primary colour sensation, 
and being sensitive in a different degree to the various rays of light. 
In the retina itself no such distinction of fibres can be found. We are 
entirely in the dark concerning the anatomical basis not only of colour 
sensations but also of vision as a whole. We have reason to think, as we 
shall presently shew, that visual impulses are started in that part of the 
retina which lies beyond the retinal blood-vessels ; but in the generation of 
those impulses we can assign no exact functions to rods or cones, to rod 
fibi’es or cone fibres, or to the various bodies constituting the external 
nuclear layer. The view that the cones rather than the rods of the retina 
are concerned in colour vision cannot be regarded as established. The 
argument that cones are absent from the retinas of nocturnal animals, re- 
mains invalid until it has been proved that these animals are colour-blind ; 
and the argument that in the fovea centralis cones only exist, may be used 
equally well to prove that the rods are of no use in vision at all. In the 
eyes of Birds, Reptiles and Amphibia, coloured globules (red or yellow) are 
found in the cones at the junction of the inner and outer limbs. It has 
been suggested that these are connected with colour vision, the cones with 
red globules, for instance, allowing red light only to pass through the inner 
limb and impinge on the outer limb, so that these dt As would serve as 
organs for seeing red. But this is very doubtful. 

The Young-Helmholtz theory has not been accepted by all inquirers. 
Its most serious opponent at the present time is Hering^, who, following 
Aubert®, and indeed Leonardo Da Vinci, maintains that the })rimary 
visual sensations are white, black, red, yellow, green, and blue. He con- 
siders that tho^^e several sensations arise as the results of changes in what 
may be called the visual substance of the visual nervous ap})aiutus, those 
changes which give rise to black, green, and blue being essentially pro- 
cesses of assimilation or construction of the visual substance, while those 
which give rise to white, red, and yellow are processes of dissimilation, or 
destruction of the visual substance. Black and white, green and red, blue 
and yellow, form accordingly antagonistic rather than complementary pairs, 
and the visual organ is conceived of as never existing during life, in a state 
of complete rest. A satisfactory discussion of the relative merits of this 
and of the generally accepted view, would lead us beyond the proper limits 
of this work, but Henng uses his view with groat ability to explain the 
obscure i)henomena of ‘contrasts* (see p. 433) and ‘negative images* 
(p. 426). 

Admitting, however, that the hypothesis of three primary colour 
sensations explains many of the phenomena of colour vision, there 
still remains the question, ‘ What are the three primary colour sen- 
sations V We have spoken of any three arbitrarily selected colour 
sensations producing by manipulation all the other colour sensations; 
but, of what kind are the three sensations which may be considered 

^ Zur Lehre vom Lichtsinne. Wien. Sitzimgsbericht. Lxvi. (1872) Lxvin. Lm. lzx. 

* FhysiologU der Netzhaut, 1866. 
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as the actual primaiy sensations ? We cannot enter here into the 
discussion of this question ; and may simply state that the most 
generally accepted view is, the three primary sensations corre- 
^ond to what we call red, green, and violet; and in the diagram, 
Fig. 46, the upper figure represents this primary red sensation, the 
middle figure green, and the lower violet. 

Colour Blindness. All persons vary much in their power of dis- 
criminating and appreciating colour, i,e, in the intensity and accuracy 
of their colour sensations ; but some people regard as similar, colours 
which to most people are glaringly distinct, and these persons are 
said to be ‘ colour blind.’ The most common form of colour blindness 
is that of persons unable to distinguish green and red from each other. 
As in the case of Dalton, they tell a red gown lying on a green grass 
plot, or a red cherry among the green leaves, by its form, and not 
Dy its colour. They confound not only red, brown, and green, but 
also rose, purple, and blue. They cannot see the red end of the 
spectrum, all this part appearing to them dark. Their vision is best 
explained by supposing that they lack altogether the primary sensa- 
tion of red. 

Hence they probably see in the spectrum only two colours, blue and 
green, with various tints; our red, orange, yellow and green aj)pearing 
green, and all the rest blue, green-blue being to them a kind of grey. Since 
the sensation of green seems to be absolutely most intense in that part of 
the spectrum which we call yellow, though of course relatively to the other 
two primary sensations most intense in the green, our yellow probably 
corresponds in them to the sensation of a bright deep green. All the 
colours they see can, in fact, be produced by mixtures of yellow and blue. 

Cases in which the other primary sensations may be supposed to be 
absent, i,e, green blindness and violet blindness, aro much more rare, and 
have not as yet been examined with sufficient completeness. 

Injlmnce of Hie pigment of tlm yellov) spot. In the macula lutea, 
which part of the retina we use chiefly for vision, images falling on other 
parts of the retina being said to give rise to ‘ indirect vision,’ the yellow- 
pigment absorbs some of the greenish-blue rays. Hence all that which we 
are in the habit of calling white is in reality more or less yellow. We may 
use this feature of the yellow spot for the purpose of making the spot, so 
to speak, visible to ourselves, by an experiment suggested by Maxwell. A 
solution of chrome alum, which only transmits red and greenish-blue rays, 
is held up between the eye and a white cloud. The greenish-blue rays are 
absorbed by the yellow spot, and here the light gives rise to a sensation of 
red ; whereas in the rest of the field of vision, the sensation is that ordi- 
narily produced by the purplish solution. The yellow spot is consequently 
marked out as a rosy patch. This very soon however dies away. 

In speaking of sensation as a function of the stimulus, p. 417, we 
referred to white light only ; but the different ooloims are unequal in the 
relations borne by the intensity of the stimulus to the amount of sensation 
produced. Thus the more refrangible blue rays produce a sensation more 
readily than the yellow or red rays. Hence in dim lights, as those of 
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evening and moonlight, the blues preponderate, and the reds and yellows 
are less obvious. So also when a landscape is viewed through a yellow glass, 
the yellow hue suggests to the mind bright sunlight and summer weather, 
although the actual illumination which reaches the eye is diminished by 
the gl^. Converaely when the same landscape is viewed through a hjue 
glass the idea of moonlight or winter is suggest^. 

The theory of primary colour sensations may bo used to explain why 
any coloured light, if made sufficiently intense, appears white. Thus a 
violet light of moderate intensity appears violet because it excites^ the 
primaiy sensation of violet much more than those of green and red. If 
the stimulus be increased the maximum of violet stimulation will be 
reached, while the stimulation of green will continue to be increased and 
oven that of red to a slight degree. The result will be that the light 
appears violet mixed with green, that is blue. If the stimulus be still 
further increased while the green and violet are both excited to the maxi- 
mum, the red stimulation may be increased until the result is violet, green, 
and red in the proportions which make white light. And so with light 
of other colours. 


After-Imaffes. We have already seen that in vision the sensa- 
tion lasts much longer than the stimulus. Under certain circum- 
stances, such as condition of the eye, intensity of the stimulus, &c., the 
sensation is so prolonged, that it is spoken of as an after-image. 
Thus, if the eye be directed to the sun, the image of that body is 
present for a long while after ; and if, on early waking, the eye be di- 
rected to the window for an instant and then closed, an l^age of the 
window with its bright panes and darker sashes, the various parts 
being of the same colour as the object, will remain for an appreciable 
time. These images, which are simply continuations of the sensation, 
are spoken of as positive after-images. They are best seen after a 
momentary exposure of the eye to the stimulus. 

WheUj however, the eye has been for some time subject to a sti- 
mulus, the sensation which follows the withdrawal of the stimulus is 
of a different kind ; what is called a negative after-image, or negative 
image, is produced. If, after looking stedfastly at a white patch on a 
black ground, the eye be turned to a white ground, a grey patch is 
seen for some little time, A black patch on a white ground similarly 
gives rise on a grey ground to a negative image of a white patch. 
This may be explained as the result of exhaustion. When the white 
patch has been looked at steadily for some time, that part of the 
retina on which the image of the patch fell becomes tired ; hence 
the white light coming from the white ground subsequently looked 
at, which falls on this part of the retina, does not produce so much 
sensation as in other parts of the retina; and the image, consequently, 
apj^ars grey. And so in the other instance, the whole of the retina 
is tired, except at the patch ; here the retina is for a while most sen- 
sitive, and hence the white negative image. 

When a red patch is looked at, the ne^tive image is a green 
blue, that is, the colour of the negative image is complementary to that 
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of the object. Thus also orange produces a blue, green a pink, yellow 
an indigo-blue, negative image ; and so on. This too can be explained 
as a result of exhaustion. When the coloured patch is looked at, one 
of the primary colour sensations is much exhausted, and the other 
twcp less so, in varying proportions, according to the exact nature of 
the colour of the patch ; and the less exhausted sensations become 
prominent in the after-image. Thus, the red patch exhausts the red 
sensation, and the negative imago is made up chiefly of green and 
blue sensations, that is, appears to be greenish blue, or bluish green, 
according to the tint of the red. Similarly, when the eye, after look- 
ing at a coloured patch, is turned to a coloured ground, the effects 
may easily be explained by reference to the comparative exhaustion 
of the colour sensations excited by the patch and the ground respec^ 
tively; if a yellow (i. e. a green and red) ground be chosen after 
looking at a green objeot, the negative image will appear of a reddish 
yellow, and so on. 

What is not so clear is why negative images should make their appear- 
ance without any subsequent stimulation of the retina. When the eyes 
are shut and all access of light, even through the eyelids, carefully avoided, 
the field of vision is not absolutely dark ; there is still a sensation of light, 
the so-called ‘proper light ^ of the mtina. If a white patch on a black 
ground be looked at for some time, and the eyes then shut, a negative 
(black) image of the si)ot will be seen on the ground of the ‘ proper light ' 
of the retina, having in its immediate neighbourhood a specially bright 
corona. So also, if a window bo looked at and the eyes then closed, the 
positive after-image with bright panes and dark sashes gives rise to a 
negative after-image with bright sashes and dark panes ; and similar effects 
appear with colours. Plateau^ has attempted to explain the various phe- 
nomena of after-images by supposing oscillations to take place in some part 
of the visual apparatus j but the matter is surrounded with difficulties *, 


Sec. 3. Visual Perceptions. 

Hitherto we have studied sensations only, and have considered 
an external object, such as a tree, as simply a source of so many 
distinct sensations, differing from each other in intensity and kind 
(colour). In the mind these sensations are coordinated into a per- 
ception. We are not only conscious of a number of sensations of 
bright and dim lights, of green, brown, black, &c., but these sen- 
sations are so arranged, by virtue of cerebral processes, that we ‘see a 
tree.* There is, as is often said, a mental image in the brain cor- 
responding to the physical image on the retina. 

When we look upon the external world, a variety of images are 
formed at the same time on the retina, and give rise to a number of 
contemporaneous visual sensations. The sum of these sensations 

^ Thiorie gin. des Apparences visuelles. BruxoUeP, 1834. 

* Cf. Hering, op. cit. 
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constitutes ‘the field of vision/ which varies of course with every 
movement of the eye. This field of vision, being in reality an aggre- 
gate of sensations, is of course a subjective matter; but we are in the 
habit of using the same phrase to denote the sum of external objects 
which give rise to the aggregate of sensations; in common language 
the field of vision is ‘all that we can see' in any position of the eye, 
and we have a field of vision for each eye separately and for the two 
eyes combined. 

Using for the present the words in their subjective sense, we may 
remark, that we are able to assign to each constituent sensation its 
place among the aggregate of sensations constituting the field of 
vision; we can, as wo say, localise the sensation. We can say 
whether it belongs to (what we regard as) the right-hand or left- 
hand, the upper or the lower part, of the field of vision. We are 
able to distinguish the relative positions of any two distinct sensa- 
tions; and the relative positions, together with the relative intensities 
and qualities (colour) of the sensations arising from any object de- 
termine our perception of the object. It need hardly be remarked 
that this localisation is purely subjective. We simply determine the 
position of the sensation in the field of vision (which is itself a 
wholly subjective matter) ; we do not determine the position of the 
object The connection between the position of the object in the 
external world and the position of the sensation in the field of 
vision, cannot be determined by visual observation ilpne. All the 
information which can be gained by the eye is limiteu to the field of 
vision, and provided that the relative position of the sensations in 
the field of vision remained the same, the actual position of external 
objects might, as far as vision is concerned, be changed without our 
being aware of it. 

As a matter of fact the field of vision in one important particular does 
not correspond to the field of external objects. The image on the retina is 
inverted ; the rays of light proceeding from an object which by touch we know 
to be on what we call our right hand, tall on the left-hand side of the retina. 
If therefore the field of vision corresponded to the retinal image, the object 
would be seen on the left hand. Wo however see it on the right hand, 
because we invariably associate right-hand tactile localisation with left-hand 
visual localisation; that is to say, our field of vision, when interpreted by 
touch, is a re-inversion of the retinal image. 

The dimensions of the field of vision of a single eye are 'about 
145® for the horizontal and 100® for the vertical meridian, the former 
being distinctly greater than the latter. The horizontal dimension 
of the field of vision for the two eyes is about 180®. By movements 
of the eyes, however, apart from those of the head, the extent may 
be increased to 260® in the horizontal and 200® in the vertical 
direction. 

The satisfactory perception of external objects requires distinct 
vision ; and of this, as we have already said, the formation of a dis- 
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tinct image on the retina is an essential csondition. We can receive 
visual sensations of all kinds with the most imperfect dioptric 
apparatus, but our perception of an object is precise in proportion 
to the clearness of the image on the retina. 

*£erion of Distinct Vision. If we take two points, such as two 
black dots, only just so far apart that they can be seen distinctly as 
two when placed near the axis of vision, and then, keeping the axis 
fixed, move the two points out into the circumferential parts of the 
field of vision, it will be found that the two soon appear as one. 
The two sensations become fused, as they would do if brought nearer 
to each other in the centre of the field. The farther away from the 
centre of the field, the farther apart must two points be in order 
that they may be seen as two. In other words, vision is much more 
distinct in the centre of the field than towards the circumference. 
Practically the region of distinct vision may be said to be limited to 
the macula lutea, or even to the fovea centralis; by continual move- 
ments of the eye we are constantly bringing any object which we 
wish to see in such a position that its image falls on this region of 
the retina. 

The diminution of distinctness does not diminish equally from the 
centre to the circumference along all meridians. The outline described 
by a line uniting the points where two spots cease to be seen as two 
when moved along different radii from the centre, is a very iiTegular 
figure. 

The sensations of colour are much more distinct in the centre of the 
retina, than towards the circumference. If the visual axis be fixed and 
a piece of coloured paj)er be moved towards the outside of the field of 
vision, the colour undergoes changes and is eventually lost, red disappearing 
first, then green, and blue last. A i)urple colour becomes blue, and a rose 
colour a bluish wliite. In fact, there seems to be a certain amount of red- 
blindness in the peripheral parts of all retinas. 

Blind Spot. There is ono part of the retina on which rays of 
light falling give rise to no sensations; this is the entrance of the 
optic nerve, and the corresponding area in tho field of vision is called 
the blind spot. If the visual axis of one eye, the right for instance, 
the other being closed, be fixed on a black spot in a white sheet of 
paper, and a small black object, such as the point of a quill pen 
dipped in ink, be moved gradually sideways over the paper away to 
the outside of the field of vision, at a certain distance tho black point 
of the quill will disappear from view. On continuing the movement 
still farther outward the point will again come into view and continue 
in sight until it is lost in the periphery of the field of vision. If 
the pen be used to make a mark on the paper at the moment when 
it is lost to view, and at the moment when it comes into sight 
again ; and if similar marks be made along the other meridians as 
well as the horizontal, an irregular outline will be drawn circum- 
scribing an area of the field of vision within which rays of light 
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produce no visual sensation. This is the blind spot. The dimen- 
sions of the figure drawn vary of course with the distance of the 
paper from the eye. If this distance be known, the size as well as 
the position of the area of the retina corresponding to the blind spot 
may be calculated from the diagrammatic eye (p. 398). The position 
exactly coincides with the entrance of the optic nerve, and the 
dimensions (about 1*5 mm. diameter) also coiTespond. While draw- 
ing the outline as above directed the indications of the large branches 
of the retinal vessels as they diverge from the entrance of the nerve 
can frequently bo recognized. The existence of the blind spot is 
also shewn by the fact that an image of light, sufficiently small, 
thrown iijion the optic nerve by means of the ophthalmoscope, gives 
rise to no sensations. 

The existence of the blind spot proves that the optic fibres them- 
selves are insensible to light ; it is only through the agency of the 
retinal expansion that they can be stimulated by luminous vibrations. 

Porldiye’s Figures. If one enters a dark room with a candle, 
and while looking at a plain (not parti-coloured) wall, moves the 
candle up and down, holding it on a level with the eyes by the side 
of the head, there will appear in the field of vision of the eye of the 
same side, projected on the wall, an image of the retinal vessels, quite 
similar to that seen on looking into an eye with the ophthalmoscope. 
The field of vision is illuminated with a glare, and on this the 
branched retinal vessels appear as shadows. In tbit Inode of ex- 
perimenting the light enters the eye through the cornea, and the 
candle forms on the nasal side of the retina an image, and it is the 
light emanating from this which throws shadows of the retinal 
vessels on to the rest of the retina. A far better method is for a 
second person to concentrate the rays of light, with a lens of low 
power, on to the outside of the sclerotic just behind the cornea; the 
light in this case emanates from the illuminated spot on the scle- 
rotic and passing straight through tlie vitreous humour throws a direct 
shadow of the vessels on to the retina. Thus the rays passing through 
the sclerotic at b, Fig. 47, in the direction bv, will throw a shadow of 
the vessel i; on to the retina at yS; this will appear as a dark line at 
B in the glare of the field of vision. This proves that the structures 
in which sensory visual impulses originate must lie behind the retinal 
vessels, otherwise the shadows of these could not be perceived. 

If the light he moved from h to a, the shadow on the retina will move 
from to a, and the dark line in the field of vision will move fi’om B to A. 
If the distance BA bo measured when the whole image is projected at a 
known distance, ^B from the eye, k being the optical centre*, then, 

^ For the properties of the optical centre, we must refer the reader to the various 
treatises on optics. The optical centre of a lens is the point through which all the 
principal rays, of the various pencils of rays falling on the lens, pass. The diagram- 
matic eye of Listing (p. 898) has two optical centres, but these may, without serious 
error, be further reduced for practical purposes to one lying in the lens near its 
posterior surface, at about 16 mm. distance from the retina. 
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knowing the distance hp in the diagrammatic eye, the distance fia can be 
calculated. But if the distance Pa be thus estimated, and the distance 
ba be directly measured, the distances pv, av, bv, av can be calculated, and 
if the appearance in the field of vision is really caused by the shadow of v 
fiilliDg on p^ these distances ought to coiTCspond to the distances of the 
reMtial vessels v from the sclerotic b on the one hand, and from that part 
of the retina p where visual impressions begin, on the other. H. Miiller 
found that the distance Pv thus calculated coiTesponded to the distance of 


B A 



Fig. 47. Duoram illustrating the Formation of Purkinje’s Figures when the 
Illumination is directed through the Sclerotic. 

the retinal vessels from the layer of rods and cones. Thus Purkinje’s 
figures prove in the first place that the sensory impulses which form the 
commencement of visual sensations originate in some part of the retina 
behind the retinal vessels, i.e. somewhere between them and the choroid 
coat ; and H. Muller's calculations go far to shew that they originate at the 
most posterior or external part of the retina, viz. the layer of rods and 
cones. It must be admitted however that H. Muller's results were not 
sufficiently exact to allow any great stress to be placed on this argument. 

It is desirable in these cases to move the light to and fro, espe- 
cially in the first method, as the retina soon becomes tired, and the 
image fades away. Some observers can recognize in the axis of 
vision, a faint shadow corresponding to the edge of the depression of 
the fovea centralis. 

In the second method of experimenting, the image always moves in the 
same direction as the light, as it obviously must do. In the first method, 
where the light enters through the cornea, the image moves in the same 
direction as the light when the light is moved from right to left, provided 
the movement does not extend beyond the middle of the cornea, but in the 
opposite direction to the light when the latter is moved up and down. In 
Fig. 48, which represents a horizontal section of an eye, if a be moved to 
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a, b will move to tho ^Stdow on the retina c to and the image d to 3. 
If on the other hwd a be aupposed to move above the plane of the paper, 
6 will move below, in consequence o will move above, and d will appear to 
move below, d will sink as a rises. 



Fig. 18 . Diagram illustrating the Formation op Purkinje’s Figures when the 
Illumination is directed through the Cornea. 

The retinal vessels may also be rendered visible by looking through 
a small orifice at a bright field such as the sky, and moving the orifice 
very rapidly from side to side or up and down. If the movement be from 
side to side, the vessels which run vertical will be seen; if up and down, the 
horizontal vessels. The fine capillaiy vessels are seen more easily in this 
way than by Purkinje’s method. The same appearances t ^ also be pro- 
duced by looking through a microscope from which the objective has been 
removed and the eye-piece only left (or in which at least there is no object 
distinctly in focus in the field), and moving the head rapidly from side to 
side or backwards and forwards. Or the microscope itself may be moved ; 
a circular movement of the field will then bring both the vertical and hori- 
zontally directed vessels into view at the same time. 


Modified Perceptions. 

Since our perception of external objects is based on the distinct- 
ness of the constituent sensations which go to form the perception, it 
might be expected that our conception of external nature would be a 
faithful transcript of the sensations originating in the retina and 
transformed in the brain into perceptions, and that therefore the 
mental condition resulting from our looking at any object or view 
would correspond exactly to the retinal image. We find, however, 
that this is not the case. The sensations and probably even the 
simple sensory impulses produced by an image react upon each other, 
and these reactions modify our perceptions, independently of the 
physical conditions of the retinal image. There arise certain dis- 
crepancies between the retinal image and the perception, some 
having their source in the retina, some in the brain, and others being 
of such a nature, that it is diflScult to say where the irrelevancy is 
introduced. 
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Irradiatdon. A white patch on a dark ground appears larger, 
and a dark patch on a white ground smaller, than it really is. This 
is especially so when the object is somewhat out of focus, and may, 
in this case, be partly explained by the diffusion circles which, in 
each case, encroach from the white upon the dark. But over and 
beyond this, any sensation, coming from a given retinal area, occupies 
a larger share of the field of vision, when the rest of the retina and 
central visual apparatus are at rest, than when they are simul- 
taneously excited. It is as if the neighbouring, either retinal or 
cerebral, structures were sympathetically thrown into action at the 
same time. 

Contrast. If a white strip be placed between two black strips, 
the edges of the white strip, near to the black, will appear whiter 
than its median portion; and if a white cross be placed on a black 
background, the centre of the cross will appear sometimes so dim, 
compared with the parts close to the black, as to seem shaded. This 
occurs even when the object is well in focus; the increased sensation 
of light which causes the apparent greater whiteness of the borders 
of the cross is the result of the ‘contrast* with the black placed im- 
mediately close to it. Still more curious results are seen with 
coloured objects. If a small piece of grey paper be placed on a 
sheet of green paper, and both covered with a sheet of thin tissue 
paper, the grey paper will appear of a pink colour, the comple- 
mentary of the green. This effect of contrast is far less striking, or 
even wholly absent, when the small piece of paper is white instead 
of grey, and generally disappears when the thin covering of tissue 
paper is removed. It also vanishes if a bold broad black line be 
drawn round the small piece of paper, so as to isolate it from the 
ground colour. If a book, or pencil, be placed vertically on a sheet 
of white paper, and illuminated on one side by the sun, and on the 
other by a candle, two shadows will be produced, one from the sun 
which will be illuminated by the yellowish light of the candle, and 
the other from the candle which will in turn bo illuminated by the 
white light of the sun. The former naturally appears yellow; the 
latter, however, appears not white but blue ; it assumes, by con- 
trast, a colour complementary to that of the candle-light which 
surrounds it. If the candle be removed, or its light shut off by a 
screen, the blue tint disappears, but returns when the candle is 
again allowed to produce its shadow. If, before the candle is brought 
back, vision bo directed through a narrow blackened tube at some 
part falling entirely within the area of what will be the candle’s 
shadow, the area, which in the absence of the candle appears white, 
will continue to appear white when the candle is made to cast its 
shadow, and it is not until the direction of the tube is changed so 
as to cover part of the ground outside the shadow, as well as part of 
the shadow, that the latter assumes its blue tint^ 


F. P. 


^ Cf. Hering, loc, ciU 
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Filling up Blind ^t. Though, CU9 we have seen, that part 
of the retina which corresponds to the entrance of the optic nerve is 
quite insensible to light, we are conscious of no blank in the field of 
vision. When in looking at a page of print we fix the visual axis so 
that some of the print must fall on the blind spot, no gap is percei'ijed. 
We could not expect to see a black patch, because what we call black 
is the absence of the sensation of light from structures which are 
sensitive to light; we must have visual organs to see black. But 
there are no visual organs in the blind spot, and consequently we are 
in no way at all affected by the rays of light which fall on it; the field 
of vision closes in as if the blind spot did not exist at all. 

Ocnlax Spectra. So far from our perceptions exactly correspond- 
ing to the arrangements of the luminous rays which fall on the retina, 
we may have visual sensations and perceptions in the entire absence 
of light. Any stimulation of the retina or of the optic nerve suffi- 
ciently intense will give rise to a visual seijsation. Gradual pressure 
on the eyeball causes a sensation of rings of coloured light, the so- 
called phosphenes ; a sudden blow on the eye causes a sensation of 
flashes of light, and the seeming identity of the visual sensations 
so brought about with visual sensations produced by light is well 
illustrated by the statement once gravely made in a German court 
of law, by a witness who asserted that on a pitch dark night he 
recognised an assailant by help of the flash of light caused by the 
assailant's hand coming in violent contact with hk lye. Electrical 
stimulation of the eye or optic nerve will also give rise to visual 
sensations. 

The sensations which may arise without any light falling on the 
retina need not necessarily be undefined ; on the contrary they may 
be most clearly defined. Complex and coherent visual images or per- 
ceptions may arise in the brain without any corresponding objective 
luminous cause. These so-called ocular spectra or phantoms, which 
are the result of an intrinsic stimulation of some (probably cerebral) 
part of the visual apparatus, have a distinctness which gives them an 
apparent objective reality quite as striking as that of ordinary visual 
perceptions\ They may occasionally be seen with the eyes open 
(and therefore while ordinary visual perceptions are being generated) 
as well as when the eyes are closed. They sometimes become so 
frequent and obtrusive as to be distressing, and form an important 
element in some kinds of delirium, such as delirium tremens. 

Appreciation of apparent size. By the eye alone we can only 
estimate the apparent size of an object, we can only tell what space it 
takes in the field of vision, we can only perceive the dimensions of 
the retinal image, and therefore have a right only to speak of the 
angle which the diameter of the object subtends. The real size of un 

^ I am acquainted wifh a case in which ocular spectra of a pleasing and gorgeous 
character, such as visions of flowers, and landscapes, can be brought on at once by 
compressing the eyeballs with the orbicularis muscle. 
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object must be determined by other means. But our perception of 
even the apparent size of an object is so modified by concurrent cir- 
cumstances that in many cases it cannot be relied on. The apparent 
size of the moon must be the same to every eye, and yet while some 
ptrsons will be found ready to compare the moon in mid heavens 
with a threepenny piece, others will liken it to a cart-wheel ; that is 
to say, the angle subtended by the moon is thought by the one to be 
equal to that subtended by a threepenny piece viewed at a few feet, 
and by the other to that subtended by a cart-wheel viewed at a few 
yards, from the eye. If a line such as -4 C7, Fig. 49, be divided into 
two equal parts AB, BC, and AB 
be divided by distinct marks into 

several parts, as is shewn in the a ^ ^ ^ ^ b ? 

figure, while BG ho left entire, 

th^e distance AB will always appear greater than CB. So also, if 
two equal squares be marked, one with horizontal and the otlier 
with vertical alternate dark and liglit bands, the former will appear 
higher, and the latter broader, than it really is. Hence short persons 
affect dresses horizontally striped in order to increase their ai)parent 
height, and very stout persons avoid longitudinal stripes. Two per- 
fectly parallel lines or bands, each of which is crossed by slanting 
parallel short lines, will appear not parallel, but diverging or con- 
verging according to the direction of the cross-lines. 

Again, when a short person is placed side by side with a tall 
person, the former appears shorter and the latter taller than each 
really is. The moon on the horizon appears larger than when at the 
zenith, partly because it can then be most easily compared with 
terrestrial objects, and partly perhaps because, from a conception we 
have of the heavens being flattened, we judge the moon to be farther off 
at the horizon than at the zenith ; and being farther off, and yet sub- 
tending the same angle, must needs be judged larger. The absence 
of comparison may, however, have an opposite effect, as when a person 
looks larger in a fog; being seen indistinctly, he is judged to be 
farther off than he really is, and so appears to be proportionately 
larger, just as conversely distant mountains appear small, when 
in a clear atmosphere they are seen distinctly and so judged 
to be near. Indeed, our daily life is full of instances in which 
our direct perception is modified by circumstances. Among those 
circumstances previous experience is one of the most potent, and 
thus simple perceptions become mingled with what are in reality 
judgments, though frequently made unconsciously. But this intru- 
sion of past experience into present perceptions and sensations is 
most obvious in binocular vision, to which we now turn. 


23—2 
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Sec. 4. Binocular Vision. 

Corresponding or Identical Points. 

c 

Though we have two eyes, and must therefore receive from every 
object two sets of sensations, our perception of any object is under 
ordinary circumstances a single one ; we see one object, not two. 
By putting either eye into an unusual position, as by squinting, we 
can render the perception double ; we see two objects where one only 
exists. From which it is evident that singleness of perception de- 
pends on the image of the object falling on certain parts of each 
retina at the same time, these parts being so related to each other, 
that the sensations from each are blended into one perception ; and 
it is also evident that the movements of the eyeballs are adapted 
to bring the image of the object to fall on these ‘ corresponding' or 
‘identical* parts, as they are called, of each retina. 

When we look at an object with one eye the visual axis of that 
eye is directed to the object, and when we use two eyes the visual 
axes of the two eyes converge at the object, the eyeballs moving ac- 
cordingly. The corresponding points of the two retinas are those on 
which the two images of the object fall when the visual axes converge 
at the object. Thus in Fig. 50, if Cfc, C'Cj be the two visual axes, c, 




Fig. 60. Diagram illustrating Corresponding Points. 

L the left, R the right eye, K the optical centre, Cj are points in the 

right eye corresponding to the points a, 6, c in the left eye. The two figures below 
are projections of L the left and B the right retina. It will be seen that a on the 
malar side of L corresponds to on the nasal side of JR. 

being the centres of the foveas centrales of the two eyes, then, the 
object ACB being seen single, the point a on the one retina will 
‘correspond’ to or be ‘identical’ with the point on the other, and 
the point b in the one to the point in the other. Hence a point 
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lying anywhere on the right side of one retina, has its corresponding 
point on the right side of the other retina, and the points on the left 
of one correspond with those on the left of the other. Thus, while the 
upper half of the retina of the left eye corresponds to the upper half 
o{ the retina of the right eye, and the lower to the lower, the nasal 
side of the left eye corresponds with the malar side of the right, and 
the malar of the left with the nasal side of the right. 

Since the blending of the two sensations into one only occurs 
when the two images of an object fall on these corresponding points 
of the two retinas, it is obvious that in single vision with two eyes 
the ordinary movements of the eyeballs must be such as to bring the 
visual axes to converge at the object so that the two images may 
fall on corresponding points. When the visual axes do not so con- 
verge, and when therefore the images do not fall on corresponding 
points, the two sensations arc not blended into one perception and 
vision becomes double. 


Movements of the Eyeballs. 

The eye is virtually a ball placed in a socket, the orbit and the 
bulb forming a ball and socket-joint. In its socket-joint the optic 
ball is capable of a variety of movements, but it cannot by any 
voluntary effort be moved out of its socket. 

It is stated that by a very forcible opening of the eyelids the eyeball 
may be slightly protruded; but this trifling locomotion may be neglected. 
By disease, however, the position of the eyeball in the socket may be 
materially changed. 

Each eyeball is capable of rotating round an immobile centre of 
rotation, which has been found to be placed a little (1*77 mm.) behind 
the centre of the eye ; but the movements of the eye round the centre 
are limited in a peculiar way. The shoulder-joint is a similar ball and 
socket-joint ; and we know that we can not only move the arm up 
and down round a horizontal axis passing through the centre of 
rotation of the head of the humerus, and from side to side round a 
vertical axis, but we can also rotate it round its own longitudinal axis. 
When, however, we come to examine closely the movements of the 
eyeball we find, as was shewn by Bonders, that though we can move 
it up and down round a horizontal axis, as when with fixed head we 
direct our vision to the heavens or to the ground, and from side to 
side, as when we look to left or right, and though by combining these 
two movements we can give the eyeball a variety of inclinations, we 
cannot, by a voluntary effort, rotate the eyeball round its longitudinal 
or visual axis. The arrangement of the muscles of the eyeball would 
permit of such a movement, but we cannot by any direct effort 
of will bring it about by itself ; we can only effect it indirectly when 
we attempt to move the eyeballs in certain special ways. 
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If, when vision is directed to any object, the head be moved from 
side to side, the eyes do not move with it ; they appear to remain 
stationary, very much as the needle of a ship's compass remains sta- 
tionary when the head of the ship is turned. The change in the 
position of the visual axes to which the movement of the head woul|i 
naturally give rise is met by compensating movements of the eye- 
balls ; were it not so, steadiness of vision would be impossible. 

There is one position of the eyes which has been called the 'primary 
position. It corresponds to that which may be attained by looking at the 
distant horizon with the head vertical and the body upright; but its 
exact determination requires special precautions. The visual axes are 
then parallel to each other and to the median plane of the head. All 
other positions of the eyes are called secondary positions. In a secondary 
position the visual line takes a new direction, and a plane drawn through 
the centre of rotation at right angles to the })rimary direction of the visual 
line acquires importance ; for it was suggested by Listing, and proved by 
Donders and Helmholtz, that the change from the primary to any second- 
ary position is brought about by a rotation of the eye round an axis 
lying in this plane. This law of the movements of the eye is known as 
Listing’s law. The chief axes in this plane are the transverse axis of the 
eye, rotation round which causes the eye to move up and down, and the 
vertical axis, rotation round which causes the eye to move from side to 
side; rotation round other axes in the plane causes oblique movements. 
When, one eye being closed, we look with the other in the p fmary position 
at a vertical coloured stripe on a gi'ay wall until a negative image of the 
stripe is produced, and then move the eye away from the stripe, the nega- 
tive image remains vertical, however much the eye is moved either hori- 
zontally from side to side, or vertically up and down ; in these movements, 
which are rotations round the vertical and transverse axes respectively, the 
relations of the retina to the visual line are unchanged ; the meridian in 
which the negative image lies and which was vertical in the primary posi- 
tion, remains vertical in the new positions. A horizontal negative image 
similarly remains horizontal. If the eye be moved from the primary 
position in an oblique direction, the negative image, whether horizontal or 
vertical, becomes inclined; but Helmholtz ‘ shewed that an oblique linear 
negative image also maintains its inclination when the eye is moved from 
the primary position, in the direction of the line of (or at right angles 
to the line of) the negative image; that here too the meridian passing 
through the visual line and the negative image remains unchanged ; and 
that therefore the movement in this case also must be brought about by 
rotation round an axis at right angles to the plane passing through the 
meridian of the negative image {i,e. the visual line in its new direction) 
and the visual line in the primary position. In other words, just as a 
vertical or horizontal movement of the eye is a rotation round a hori- 
zontal or vertical axis in the plane of rotation spoken of above, so an 
oblique movement is a rotation round an oblique axis in the same plane 
and not in any way a rotation round the visual axis itself. When the hori- 
zontal or vertical negative image in the above experiment becomes inclined 


^ JProe, Boy, Soc. xiii. (1864) p. 186. 
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in an oblique movement of eye, its motion is similar to that of the 
spokes of a wheel ; but this change of position of the meridians of the 
retina must not be confounded with the actual rotation of the eyeball 
on its visual axis. 

All movements then starting from the primary position, whether rect- 
angular or oblique, are executed without rotation of the eyeball ; but this 
is not the case in moving from one secondary position to another. More- 
over Listing’s law holds good only so long as the visual axes remain 
j)arallel. When the visual axes are made to converge, some amount of 
rotation occurs, and that even when their horizontal direction, proper to 
them in the primary position, is maintained. The rotation is, with the ex- 
ception of a particular position, still more marked when, as is usually the 
case during the convergence, the eyes are directed downwards. 

It was once thought that the maintenance of the position of the eye- 
balls when the head was tuined to the shoulders, while vision was directed 
to an object in front, was effected by means of a rotation of the eyeballs. 
This Donders proved to be an error, though some slight amount of rotation 
does take place. In various other movements of the eye too rotation 
occurs to a variable extent. 


Huscles of the Eyeball. The eyeball is moved by six muscles, 
the recti inferior^ superior, intemus and extemus, and the obliqui 
inferior and superior. It is found by calculation from the attach- 
ments and directions of the muscles, and confirmed by actual observa- 
tion, that the six muscles may be considered as three pairs, each pair 
rotating the eye round a particular axis. The relative attachments 
and the axes of rotation are diagrammatically shewn in Fig. 51. Thus 
the rectus superior and the rectus inferior rotate the eye round a hori- 
zontal axis, which is directed from the upper end of the nose to the 
temple ; the obliquus superior and obliquus inferior round a horizontal 
axis directed from the centre of the eyeball to the occiput ; and the 
rectus internus and rectus externus round a vertical axis (which, being 
at right angles to the plane of the paper, cannot be shewn in the 
diagram), passing through the centre of rotation of the eyeball parallel 
to the medium plane of the head when the head is vertical. Thus 
the latter pair acting alone would turn the eye from side to side, the 
other straight pair acting alone would move the eye up and round, 
while the oblique muscles acting alone would give the eye an oblique 
movement. The rectus externus acting alone would turn the eye to 
the malar side, the internus to the nasal side, the rectus superior up- 
wards, the rectus inferior downwards, the oblique superior down- 
wards and outwards, and the inferior upwards and outwards. The 
recti superior and inferior in moving the eye up and down also 
turn it somewhat inward and at the same time give it a slight 
amount of rotation ; but this is corrected if the oblique muscles act 
at the same time ; and it is found that the rectus superior acting 
with the obliquus inferior moves the eye upwards, and the rectus 
inferior with the obliquus superior downwards in a vertical direction. 
In oblique movements also, the obliqui are always associated with 
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Pig. 51 . Diagram op the Attachments op the Muscles op the Eye, and op their 
Axes op KoriTioN, the latter being represented by dotted lines. The axis of 
rotation of the rectus externus and intemus, being perpendicular to the plane 
of the paper, cannot be shewn. (After Pick.) 


the recti. Hence the various movements of the eye >all may be ar- 
ranged as follows : 

Rectus superior and obliquus inferior. 
Rectus inferior and obliquus superior. 

Rectus intemus. 

Rectus extemus. 

’ Elevation with Rectus superior and intemus with obliquus 
adduction. inferior, 

§ -g Depression Rectus inferior and intemus with obliquus 

§ J with adduction. superior 

3 § Elevation with Rectus superior and extemus with obliquus 
o abduction. inferior. 

® Depression Rectus inferior and extemus with obliquus 

-with abduction. superior. 

Coordination of Visual Movements. Thus even in the move- 
ments of a single eye, a considerable amount of coordination takes 
place. When the eye is moved in any other than the vertical and 
horizontal meridians, impulses must descend to at least three muscles, 
and in such relative energy to each of the three as to produce the 
required inclination of the visual axis. But the coordination ob- 
served in binocular vision is more striking still. If the movements 


^ r Elevation, 

^ “g Depression. 
.SP I Adduction to 
J S ' nasal side. 
CQ o Adduction to 
^ L malar side. 
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of anj persovt's ejes be watched it will be seen that the two ejes 
move alike. If the right eye moves to the right, so does also the left; 
and, if the object looked at be a distant one, exactly to the same 
extent; if the right eye looks up, the left eye looks up also^ and so in 
every other direction. Very few persons are able by a direct effort of 
the will to move one eye independently of the other; though some, 
and among, them a distinguished physiologist and oculist, nave ac- 
quired this power. In fact, the movements of the two eyes are 
so arranged that in the various movements the images of any object 
should fall on the corresponding points of the two retince, and that 
thus single vision should result. We cannot by any direct effort of 
our will place our eyes in such a position that the rays of light pro- 
ceeding from any object shall fall on parts of the retina which do not 
correspond, and thus give rise to two distinct visual images. We can 
bring the visual axes of the two eyes from a condition of parallelism 
to one of great convergence, but we cannot, without special assistance, 
bring them from a condition of parallelism to one of divergence. 

The stereoscope will enable us to create a divergence. If in a stereo- 
scopic picture the distance between the pictures bo increased so gradually 
that the impression of a single object be not lost, the visual axes may be 
brought to diverge. Helmholtz, while looking at a distiint object with a 
prism before one eye, with the angle of the prism directed towards the 
nose and the vision of the object kept carefully single, found after 
turning the angle very slowly up or down, and keeping the image of tho 
object single all the time, that on removing the prism a double image 
was for a moment seen; shewing that the eye before which the prism was 
placed had moved in disaccordance with the other. The double image 
however in a few seconds after the removal of the prism became single, on 
account of the eyes coming into accordance. 

It is ouly w^hen loss of coordination occurs, as in various dis- 
eases and in alcoholic or other poisoning, that the movements of 
the two eyes cease to agree with each other. It is evident then 
that when we look at an object to the right, since we thereby abduct 
the right eye and adduct the left, we throw into action the rectus 
extemus of the right eye and the rectus internus of the left ; and 
similarly when we look to the left we use the rectus externus of the 
left and the rectus internus of the right eye. When we look at a 
near object, and therefore converge the visual axes, wc use the recti 
intemi of both eyes ; and when we look at a distant object, and 
bring the axes from convergence towards parallelism, we use the 
recti extern! of both eyes. In the various movements of the eye 
there is therefore, so to speak, the most delicate picking and choosing 
of the muscular instruments. Bearing this in mind, it cannot be 
wondered at that the various movements of the eye are dependent 
for their causation on visual sensations. In order to move our eyes, 
we must either look at or for an object ; when we wish to converge 
our axes, we look at some near object real or imaginary, and the 
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oonvergence of the axes is usually accompanied by all the conditions 
of near vision, such as increased accommodation and contraction of 
the pupil And so with other movements. 

The close association of the movements of the eye may be illustrated by 
the following case. Suppose the eyes, to stiirt with, directed for the far dis- 
tance, and that it is desii^ to direct attention to a nearer point lying in the 
visual line of the right eye. In this case no movement of the right eye is 
required ; all that is necessary is for the left eye to be turned to the right, 
that is, for the rectus intemus of the left eye to be thrown into action. But 
in ordinary movements the contraction of this muscle is always associated 
with either the rectus exteraus of the right eye (as when both eyes are 
turned to the right) or the rectus intemus of that eye, as in convergence ; 
the muscle is quite unaccustomed to act alone. This would lead us to 
suppose that in the case in question the contraction of the rectus intemus 
of the left eye is accompanied by a contmetion of both recti extemus and 
intemus of the right eye, keeping that eye in lateral equilibrium. And 
when we come to examine our own consciousness, we feel a sense of effort 
in the right as well as in the left eye, and the slight amount of rotation 
which accompanies convergence (see p. 439) may be discovered also in the 
right as well as in the left eye. 

Such a complex coordination requires for its carrying out a dis- 
tinct nervous machinery; and we have reasons for thinking that 
such a machinery exists in certain parts of the co'ppra quadri- 
gemina. In the nates, Adamuk finds a common centre for both 
eyes, stimulation of the right side producing movements of both eyes 
to the left, of the left side movements to the right ; while stimulation 
in the middle line behind causes a downward movement of both eyes 
with convergence of the axes, and in the front an upward movement 
with return to parallelism, both accompanied by the naturally asso- 
ciated movements of the pupil. Stimulation of various parts of the 
nates causes various movements, depending on tlie position of the 
spot stimulated. After an incision in the middle line, stimulation of 
the nervous centre on one side produces movements in the eye of the 
same side only. 


Hie Horopter, 

When we look at any object we direct to it the visual axes, so that 
when the object is small, the ‘corresponding* parts of the two retinae, 
on which the two images of the object fall, lie in their respective 
foveas centrales. But while we are looking at the particular object the 
images of other objects surrounding it fall on the retina surrounding 
the fovea, and thus go to form what is called indirect vision. And 
it is obviously of advantage that these images also should fall on 
‘ corresponding ' parts in the two eyes. Now for any given position 
of the eyes there exists in the field of vision a certain line or sur- 
face of such a kind that the images of the points in it all fall on 
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corresponding points of the retina. A line or surface having this 
property is called a Horopter. The horopter is in fact the aggregate 
of all those points in space which are projected on to corresponding 
points of the retina; hence its determination in any particular case 
is siyiply a matter of geometrical calculation. In some instances it 
becomes a very complicated figure. The case whose features are 
most easily grasped, is a circle drawn in the plane of the two 
visual axes through the point of the convergence of the axes and 
the optic centres of the two eyes. It is obvious from geometrical 
relations that in Fig. 52 the images of any point in the circle will fall 
on corresponding points of the two retinae. When we stand upright 
and look at the distant horizon the horopter is (approximately, for 
normal long-sighted persons) a plane drawn through our feet, that is 
to say, is the ground on which we stand ; the advantage of this is 
obvious. 



Fio. 52. Diagram illustrating a simple Horopter. 

When the visual axes converge at (7, the images a a oi any point A on the 
circle drawn through C and the optical centres k k, will fall on corresponding 
I>uints. 

In determining the position of corresponding points it must be remem- 
bered, as Helmholtz' has shewn, that while the horizontal meridians of the 
two fields really correspond, it is the apparent and not the real vertical 
meridians which are combined into one image in binocular vision, and it is 
therefore by these that the corresponding points must be determined. If 
two areas be marked with lines nearly but not quite vertical, those on the 
right side inclining to the left, and those on the left to the right, the 
former when judged by the right eye will appear vertical, though their 
slant will be apparent to the left eye, and the latter will appear vertical 
to the left eye but not to the right. When combined in a stereoscope 
picture, the lines in spite of their not being parallel will appear completely 
to coincide, shewing that it is the apparent position of the vertical lines 
which must be taken into consideration in determining corresponding 
points. 


1 Proe. Hoy, Hoc, xiii. (1864) p. 196. 
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Sec, 5. Visual Judgments. 

Binocular vision is of use to us inasmuch as the one eye is able 
to fill up the gaps and imperfections of the other. For example, 
over and above the monocular filling up of the blind spot, of which 
we spoke in page 434, since the two blind spots of the two eyes, being 
each on the nasal side, are not ‘ corresponding * parts, the one eye 
supplies that part of the field of vision which is lacking in the other. 
And other imperfections are similarly made good. But the great use 
of binocular vision is to afford us means of forming visual judgments 
concerning the form, size, and distance of objects. 

Judgment of Distance and Size. The perceptions which we 
gain simply and solely by our field of vision concern two dimensions 
only. \Ve can become aware of the apparent size of any part of the 
field corresponding to any particular object, and of its topographical 
relations to the rest of the field, but no more. Had we nothing 
more to depend on, our sight would be almost valueless as far as any 
exact information of the external world was concerned. By asso- 
ciation of the visual sensations with sensations of touch, and with 
sensations derived from the movements of the eyeballs required to 
make any such part of the field as corresponds to a particular object 
distinct, we are led to form judgments, i.e. to draw conclusions con- 
cerning the external world by means of an interpretation of our 
visual perceptions. Looking before us, we say we see a certain 
object of a certain colour nearly in front of us, or much on our right 
hand or much on our left; that is to say, we judge such an object to 
be in such a position because from the constitution of our brain, 
strengthened by all our experience, we associate such a part of our 
field of vision with such an object. The subjective visual complex 
sensation or perception is to us a symbol of the external object. 

Even with one eye we can, to a certain extent, form a judgment, 
not only as to the position of the object in a plane at right angles to 
our visual axis, but also as to its distance from us along the visual 
axis. If the object is near to us, we have to accommodate for near 
vision; if far from us, to relax our accommodation mechanism so that 
the eye becomes adjusted for distance. The muscular sense (see 
chap. IV. sec. 4) of this effort enables us to form a judgment whether 
the object is far or near. Seeing the naiTow range of our accommoda- 
tion, and the slight muscular effort which it entails, all monocular 
judgments of distance must be subject to much error. Everyone who 
has tried to thread a needle without using both eyes, knows how great 
these errors may be. When, on the other hand, we use two eyes, we 
have still the variations in accommodation, and in addition have all 
the assistance which arises from the muscular effort of so directing 
the two eyes on the object that single vision shall result. When the 
object is near, we converge our visual axes; when distant, we bring 
them back towards par^lelism. This necessary contraction of the 
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ocular muscles affords a muscular sense, by the help of which we form 
a judgment as to the distance of the object. Hence, when by any 
means the convergence which is necessary to bring the object into 
single vision is lessened, the object seems to become more distant; 
when increased, to move further away, as may be seen in the 
stereoscope. 

The judgment of size is closely connected with that of distance. 
Our perceptions, gained exclusively from the field of vision, go no 
farther than the apparent size of the image, i.c. of the angle sub- 
tended by the object. The real size of the object can only be 
gathered from the apparent size of the image when the distance of 
the object from the eye is known. Thus perceiving directly the 
apparent size of the imago, we judge the distance of the object 
giving the image, and upon that come to a conclusion as to its 
size. And conversely, when we see an object, of whose real size 
we are otherwise aware, or are led to think we are aware, our 
judgment of its distance is influenced by its apparent size. Thus 
when in our field of vision there appears the image of a man, know- 
ing otherwise the ordinary size of man, we infer, if the image be 
very small, that the man is far off. The reason of the image being 
small may be because the man is far off, in which case our judgment 
is correct; it may be, however, because the image has been lessened 
by artificial dioptric means, as when the man is looked at through 
an inverted telescope, in which case our judgment becomes a delusion. 
So also an image on a screen when gradually enlarged seems to come 
forward, when gradually diminished seems to recede. In these cases 
the influence on our judgment of the muscular sense of binocular 
adjustment, or monocular accommodation, is thwarted by the more 
direct influence of the association between size and distance. 

Judgment of Solidity* When we look at a small circle all 
parts of the circle are at the same distance from us, all parts are 
equally distinct at the same time, whether we look at it with one eye 
or with two eyes. When, on the other hand, we look at a sphere, the 
various parts of which are at different distances from us, a sense 
of the accommodation, but much more a sense of the binocular 
adjustment, of the convergence or the opposite of the two eyes, 
reejuired to make the various parts successively distinct, makes us 
aware that the various parts of the sphere are unequally distant; and 
from that we form a judgment of its solidity. As with distance of 
objects, so with solidity, which is at bottom a matter of distance of 
the parts of an object, we can form a judgment with one eye alone ; 
but our ideas become much more exact and trustworthy when two 
eyes are used. And we are much assisted by the effects produced 
by the reflection of light from the various surfaces of a solid object; 
so much so, that raised surfaces may be made to appear depressed, 
or vice versa^ and flat surfaces either raised or depressed, by appro- 
priate arrangements of shadings and shadow. 
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Binocular vision, moreover, affords us a means of judging of the 
solidity of objects, inasmuch as the image of any solid object which 
falls on to the right eye cannot be exactly like that which falls on 
the left, though both are combined in the single perception of the 
two eyes. Thus, when we look at a truncated pyramid placed in* the 
middle line before us, the image which falls on the right eye is of the 
kind represented in Fig. 53 R, while that which falls on the left eye 

Fio. 63. 
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has the form of Fig, 53 L; yet the perception gained from the two 
images together corresponds to the form of which Fig. 53 B is the 
projection. Whenever we thus combine in one perception two dissi- 
milar images, one of the one, and the other of the other eye, we 
judge that the object giving rise to the images is solid. 

This is the simple principle of the stereoscope, in which two 
slightly dissimilar pictures, such as would correspond tp the vision of 
each eye separately, are, by means of reflecting mirrors, as in Wheat- 
stone’s original instrument, or by prisms, as in the form introduced 
by Brewster, made to cast images on corresponding parts of the two 
retinas so as to produce a single perception. Though each picture is 
a surface of two dimensions only, the resulting perception is the same 
as if a single object, or group of objects, of three dimensions had 
been looked at. 

It might be supposed that the judgment of solidity which arises 
when two dissimilar images are thus combined in one perception, 
was due to the f;ict that all parts of the two images cannot fall on 
corresponding parts of the two retinas at the same time, and that 
therefore the combination of the two needs some movement of the 
eyes. Thus, if we superimpose R on L (Fig. 53), it is evident that 
when the bases coincide the truncated apices will not, and vice versa ; 
hence, when the bases fall on corresponding parts, the apices will not 
be combined into one image, and vice versa ; in order that both may 
be combined, there must be a slight rapid movement of the eyes 
from the one to the other. That, however, no such movement is 
necessary for each particular case is shewn by the fact that solid 
objects appear as such when illuminated jy an electric spark, the 
duration of which is too short to permit of movements of the 
eyes. If the flash occurred at the moment that the eyes were bino- 
cularly adjusted for the bases of the pjrramids, the two apices not 
falling on exactly corresponding parts would give rise to two percep- 
tions, and the whole object ought to appear confused. That it does 
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not, but, on the contrary, appears a single solid, must be the result 
of cerebral operations, resulting in what we have called a judgment. 

Struggle of the two Fields of Vision. If the images of two sur- 
faces, one black and the other white, are made to fall on corresponding 
pa*fts of the eye, so as to be united into a single perception, the result 
is not always a mixture of the two impressions, that is a grey, but, in 
many cases, a sensation similar to that produced when a polished 
surface, such as plumbago, is looked at ; the surface appears brilliant. 
The reason probably is because when we look at a polished surface 
the, amount of reflected light which falls upon the retina is generally 
different in the two eyes ; and hence we associate an unequal stimu- 
lation of the two retinas with the idea of a polished surface. So 
also when the impressions of two colours are united in binocular 
vision, the result is in most cases not a mixture of the two colours, 
as when the same two impressions are brought to bear together at the 
same time on a single retina, but a struggle between the two colours, 
now one, and now the other, becoming prominent, intermediate tints 
however being frequently passed through. This may arise from the 
difficulty of accommodating at the same time for the two different 
colours (see p. 412); if two eyes, one of which is looking at red, and 
the other at blue, be both accommodated for red rays, the red sensa- 
tion will overpower the blue, and vice versa. It may be however that 
the tendency to rhythmic action, so manifest in other simpler mani- 
festations of protoplasmic activity, makes its appearance also in the 
higher cerebral labours of binocular vision. 


Sec. 6. The Photective Mechanisms of the Eye. 

The eyeball is protected by the eyelids, which are capable of 
movements called respectively opening and shutting the eye. The 
eye is shut by the contraction of the orbicularis muscle, carried out 
eitlier as a reflex or voluntary act, by means of the facial nerve. 
The eye is opened chiefly by the raising of the upper eyelid, through 
the contraction of the levator palpebra) carried out by means of the 
third nerve. The upper eyelid is also raised and the lower depressed, 
the eye being thus opened, by means of plain muscular fibres existing 
in the two eyelids and governed by the cervical sympathetic. The 
shutting of the eye as in winking is in general effected more rapidly 
than the opening. 

The eye is kept continually moist partly by the secretion of the 
glands in the conjunctiva, and of the Meibomian glands, but chiefly 
by the secretion oi||fthe'^lachrymal gland. Under ordinary circum- 
stances the fluid thds' formed is carried away by the lachrymal canals 
into the nasal sac and thus into the cavity of the nose. When the 
secretion becomes too abundant to escape in this way it overflows on 
to the cheeks in the form of tears. 



418 


TEARS. 


[Bookxh. 


If a quantity of tears be collected, “they are found to form a clear 
faintly alkaline fluid, in many respects like saliva, containing about 
1 p. c. of solids, of which a small part is proteid in nature. Among 
the salts present sodium chloride is conspicuous. 

The nervous mechanism of the secretion of tears, in many resp^ts, 
resembles that of the secretion of saliva. A flow is usually brought 
about either in a reflex manner by stimuli applied to the conjunctiva, 
the nasal mucous membrane, tongue, optic nerve, &c. or more directly 
by emotions. Venous congestion of the head is also said to cause a 
flow. The efferent nerves belong either to the cerebro-spinal system, 
(the lachrymal and orbital branches of the fifth nerve,) or arise from 
the cervical sympathetic, the afferent nerves varying according to the 
exciting cause. 

Herzenstein' and Wolferz* shewed that stimulation of the peripheral 
end of the divided lachrymal branch of the fifth nerve produced a copious 
flow of tears. After division of this branch stimulation of the nasal mucous 
membrane produced no increased flow : the reflex act could not be carried 
out. Stimulation of the orbital (subcutaneous malar) branch also produced 
an increased flow but not to so marked an extent, or so constantly as did 
stimulation of the lachrymal branch. According to Wolferz* and Reich ‘‘j 
stimulation of the upper end of the divided cervical sympathetic also pro- 
duces an increased flow, even after division of the lachrymal nerve ; Herzen- 
stein’s results on this point wei’e uncertain or negative. Reich also main- 
tains tliat stimulation of the peripheral portion of the died root of the 
fifth nerve does not excite the gland, but that, after such a division, the 
flow of tears may be excited in a reflex manner as usual. This would shew 
that the secretory fibres in the lachrymal branch do not belong properly 
to the fifth nerve. Reich believes that they come however not from the 
facial, as might by analogy with the submaxillary gland be supposed, but 
from the sympathetic. 

The act of winking undoubtedly favours the passage of tears 
through the lachrymal canals into the nasal sac, and hence when the 
orbicularis is paralysed tears do not pass so readily as usual into the 
nose; but the exact mechanism by which this is effected has been 
much disputed. According to some authors, the contraction of the 
orbicularis presses the fluid onwards out of the canals, which, upon 
the relaxation of the orbicularis, dilate and receive a fresh quantity. 
Demtschenko® states that a special arrangement of muscular fibres 
keeps the canals open even during the closing of the lids, so that the 
pressure of the contraction of the orbicularis is able to have full effect 
in driving the tears through the canals. 

^ Du Boig-Beymoud’s Archive 1867, p. 661. 

> Dissertatio. Henle and Meissner’s Bericht^ 1871, p. 245. 

* Op, cit. 

^ Archiv /. Ophthalmol, xix. (1873) p. 88. 

* Hofmann and Schwalbe’s Bericht, 1878, p. 630. 
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HEARING, SMELL, AND TASTE. 

Sec. 1. Hearing. 

As in the eye, so in the ear, we have to deal first with a nerve of 
special sense, the stimulation of which gives rise to a special sensa- 
tion; secondly with terminal organs through which the physical 
changes proper to the special sense are enabled to act on the nerve ; and 
thirdly with subsidiary apparatus, by which the usefulness of the sense 
is increased. The central connections of the auditory nerve are such 
that whenever the auditory fibres are stimulated, whether by means 
of the terminal organs in the usual way or by the direct application of 
stimuli, electrical, mechanical, &c., the result is always a sensation of 
sound. Just as stimulation of the optic fibres produces no other 
sensation than that of light, so stimulation of the auditory fibres pro- 
duces no other sensation than that of sound \ The terminal organs 
of the auditory nerve are of two kinds : the complicated organ of 
Corti in the cochlea, and the epithelial arrangements of the maculse 
and cristsB acusticae in other parts of the labyrinth. Waves of sound 
falling on the auditory nerve itself, produce no effect whatever ; it is 
only when by the medium of the endolymph they are brought to 
bear on the delicate and peculiar epithelium cells which constitute 
the peripheral terminations of the nerve, that sensations of sound 
arise. Such delicate structures are for the sake of protection natu- 
rally withdrawn from the surface of the body where they would be 
subject to injury. Hence the necessity of an acoustic apparatus, 
forming the middle and external ear, by which the waves of sound are 
most advantageously conveyed to the terminal organs. 


The Acoustic Apparatus. 

Waves of sound can and do reach the endolymph of the labyrinth 
by direct conduction through the skull. Since however sonorous 
vibrations are transmitted with great difficulty from the air to solids 
and liquids, and most sounds come to us through the air, some special 

1 It will be seen later on that there are reasons for thinking that impnlses passing 
along the auditory nerve may give rise to other effects than auditory sensations. 

F. P. 29 
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apparatus is required to transfer the aerial vibrations to the liquids 
of the internal ear. This apparatus is supplied by the tympanum 
and its appendages. 

The concha. The use of this, as far as hearing is concerned, is to 
collect the waves of sound coming in various directions, and to direct 
them on to the membrana tympani. In ourselves of moderate service 
only, in many animals it is of great importance. 

The membrana t^pani. It is a characteristic property of 
stretched membranes that they are readily thrown into vibration by 
aerial waves of sound. The membrana tympani, from its peculiar 
conformation, being funnel-shaped with a depressed centre surrounded 
by sides gently convex outwards, is peculiarly susceptible to sonorous 
vibrations, and is most readily thrown into corresponding movements 
when waves of sound reach it by the meatus. It has moreover this 
useful feature, that unlike other stretched membranes, it has no 
marked note of its own. It is not thrown into vibrations by waves of 
a particular length more readily than by others. It answers equally 
well within a considerable range, to vibrations of very different wave- 
lengths. Had it a fundamental tone of its own, we should be dis- 
tracted by the prominence of this note in most of the sounds we 
hear. 

The auditory ossicles. The malleus, the handl ' ^of which de- 
scending forwaras and inwards, is attached to the membrana tym- 
pani, and the incus, whose long process is connected by means of its 
os orbiculare or lenticular process and the stapes to the fenestra 
ovalis, form together a body which rotates round an axis, passing 
through the short process of the incus, the bodies of the incus and 
malleus, and the processus gracilis of the malleus. When the mal- 
leus is carried inwards, the incus moves inwards too, and when the 
malleus returns to its position, the incus returns with it, the peculiar 
saddle-shaped joint with its catch teeth permitting this movement 
readily, but preventing the stapes being pulled back when the mem- 
brana tympani with the malleus is, for any reason, pushed outwards 
more than usual ; the joint then gapes, so as to permit the malleus 
to be moved alone. Various ligaments, the superior or suspensory, 
anterior, and external, also serve to keep the malleus in place. The 
whole series of ossicles may be regarded as a lever, the fulcrum of 
which is situated at the ligamental attachment of the short processus 
of the incus to the posterior wall of the tympanum. The long, mal- 
leal arm of this lever is about 9^ mm., the short, stapedial, 6 J mm. 
in length; hence the movements of the stapes are less than those 
of the tympanum ; but the loss in amplitude is made up by a gain 
of force, which is in itself an obvious advantage. 

Thus every movement of the tympanic membrane is transmitted 
through this chain of ossicles to the membrane of the fenestra ovalis, 
and so to the perilymph of the labyrinth; the vibrations of the. 
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tympanic membrane are conveyed with increased intensity, though 
with diminished amplitude, to the latter. That the bones thus 
move en masse has been proved by recording their movements in 
the usual graphic method. A very light style attached to the 
incus or stapes is made to write on a travelling surface ; when the 
membrana tympani is thrown into vibrations by a sound, the curves 
described by the style indicate that the chain of bones moves with 
every vibration of the tympanum. On the other hand, the com- 
paratively loose attachments of the several bones is an obstacle to 
the molecular transmission of sonorous vibrations through them. 
Moreover, sonorous vibrations can only be transmitted to or pass 
along such bodies as either are very long compared to the length 
of the sound-waves, or, as in the case of membranes and strings, 
have one dimension very much smaller than the others. Now the 
bones in question are not exceedingly thin in any dimension, but 
are in all their dimensions exceedingly small compared with the 
length of the vibrations of even the shrillest sounds we are capable 
of hearing ; hence they must be useless for the molecular propaga- 
tion of vibrations. 

The tensor tympani muscle is of use in preventing the membrana 
tympani being pushed out far. Its contractions, by rendering the 
membrane more tense, lessen the amount of vibration, and moderate 
the apparent loudness of a sound. Its activity in this direction is 
regulated by a reflex action, but in some persons it seems to be 
partly under the dominion of the will; since a peculiar cracklinff 
noise which these persons can produce at pleasure appears to bo causea 
by a contraction of the tensor tympani 

The stapedius muscle is supposed to regulate the movements of 
the stapes, and especially to prevent its base being driven too far 
into the fenestra ovalis during large or sudden movements of the 
membrana tympani. 

A contraction of the stapedius by itself would have the effect of pulling 
the hinder end of the base of the stapes out of, and of pushing the front 
end into, the fenestra ovalis; and this might give rise to a wave in the 
perilymph. For speculations on this and on the reason why the stapedius 
is governed by the facial and the tensor tympani by the fifth nerve, see 
Budge I 

The so-called laxator tympani is considered* to be not a muscle at all, 
but a part of the ligamentous supports of the malleus. 

The Eustachian Tube. This serves to maintain an equilibrium 
of pressure between the external air and that within the tympanum, 
and to serve as an exit for the secretions of that cavity. Were the 
tympanum permanently closed the vibrations of the membrana tym^ 
pani would be injuriously affected by variations of pressure occurring 
either inside or outside. 

1 Pfliiger’s Archive (1874) n. 460. 

* Helmholtz, PfiUger*8 Archiv, i. (1868) 1. Henle, Anatomies u. 746. 

29—2 
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The Eustachian tube is undoubtedly open during swallowing, but it 
is still disputed whether it remains permanently open, or is opened only 
at interval& 

Avditory Sensations. 

Each vibration communicated by the stapes to the perilymph 
travels as a wave over the vestibule, the semicircular canals, and 
other parts of the labyrinth, and is there transmitted to the endo- 
lymph ; it passes on from the vestibule into the scala vestibuli of the 
cochlea, and descending the scala tympani, ends as an impulse against 
the membrane of the fenestra rotunda. In the maculae and cristae 
the vibrations of the endolymph are supposed to throw into corre- 
sponding vibrations the so-called auditory hairs. In the cochlea the 
vibrations of tlie perilymph are supposed to throw into vibrations 
the basilar membrane with the superimposed organ of Corti, consist- 
ing of the rods of Corti with the inner and outer hair-cells. The 
vibrations thus transmitted to these structures give rise to nervous 
impulses in the terminations of the auditory nerves, and these im- 
pulses reaching certain parts of the brain produce what we call 
auditory sensations. We are accustomed to divide our auditory 
sensations into those caused by noises and those caused by musical 
sounda It is the characteristic of the latter that the vibrations 
which constitute them are periodical; they occur and i *iur at regular 
intervals. W^hen no periodicity is present in the vibrations, when 
the repetition of the several vibrations is irregular, or the period so 
complex as not to be readily appreciated, the sensation produced is 
that of a noise. There is however no abrupt line between the two. 
Between a pure and simple musical sound produced by a series of 
vibrations each of which has exactly the same wave-length, and a 
harsh noise, in which no consecutive vibrations may be alike, there 
are numerous intermediate stages. 

In both noises and musical sounds w^e recognise a character 
which we call loudness. This is determined by the amplitude of the 
vibrations ; the greater the disturbance of the air (or other medium) 
the louder the sound. In a musical sound we recognise also a 
character which we call pitch. This is determined by the wave- 
length of the vibrations; the shorter the wave-length, the larger 
the number of consecutive vibrations which fall upon the ear in a 
second, the higher the pitch. We are able to speak of a whole 
series of tones or musical sounds of different pitch, from the lowest 
to the highest audible tone. And even in many noises we can, to a 
certain extent, recognise a pitch, indicating that among the multi- 
farious vibrations there is a periodicity with fixed intervals. 

Lastly, we distinguish musical sounds by their quality ; the same 
note sounded on a piano and on a violin produce very different sen- 
sations, even when a series of vibrations having in each case the same 
period of repetition is set going. This arises from the fact that the 
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musical sounds generated by most musical instruments are not simple 
but compound vibrations. When the note C in the treble for in- 
stance is struck on the piano, it is perfectly true that a series of 
vibrations with a period characteristic of the pure tone of the treble 
C*are started, but it is also true that those vibrations are accom- 
panied by other vibrations with periods characteristic of the C in the 
octave above, of the G above that, of the C in the next octave, and of 
the E above that. And it is the effect of all these vibrations together 
on the ear which causes the sensation which we associate witli the 
sound of the treble C on the piano. Almost all musical sounds are 
thus composed of what is called a 'fundamental tone’ accompanied by 
a number of 'overtones.* And the overtones varying in number and 
relative prominence in different instruments, give rise to a difference 
in the sensation caused by the whole tone. So that while the funda- 
mental tone determines the pitch of the sound, the quality of the 
sound is determined by the number and relative prominence of the 
overtones. In a similar way we distinguish the quality of noises, such 
as a banging, crackling, or rustling noise, by the predominance of 
vibrations having a less orderly character, and recurring less regularly 
than those of a musical sound. 

Since we have a very considerable appreciation, capable by exer- 
cise of astonishing enlargement, of the loudness, pitch, and quality of 
a wide range of noises and musical sounds, it is clear that, within the 
limits of hearing, each vibration or series of vibrations must produce 
its effect on the auditory nerves, according to the measure of its 
intensity and period. Out of those effects, out of the sensory im- 
pulses to which the several vibrations thus give rise, are generated 
our sensations of the noise or of the sound. 

The vibrations of a musical sound (and since noises are so im- 
perfectly understood, we may, with benefit, chiefly confine ourselves 
to musical sounds), as they pass through the air (or other medium) 
are not discrete; the vibrations corresponding to the fundamental 
tone and overtones do not travel as so many separate waves ; they 
all together form one complex disturbance of the medium ; and it is 
as one composite wave that the sound falls on the membrana tympani, 
and passing through the auditory apparatus, breaks on the termina- 
tions of the auditory nerve. And when two or more musical sounds 
are heard at the same time, the same fusion of waves occurs. Since 
we can distinguish several tones reaching our ear at the same time, it 
is clear that we must possess in our minds or in our ears some 
means of analysing these composite waves of sound which fall on 
our acoustic organs, and of sorting out their constituent vibrations. 

There is at hand a simple and easy physical method of analysing 
composite sounds. If a person standing before an open piano sings 
out any note, it will be observed that a number of the strings of 
the piano will be thrown into vibration, and on examination it will 
be found that those strings which are thus set going correspond in 
pitch to the fundamental tone and to the several overtones of the note 
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sung. The note sung reaches the strings as a complex wave, but 
these strings are able to analyse the wave into its constituent vibra- 
tions, each string taking up those vibrations and those vibrations 
only which belong to the tone given forth by itself when struck. If 
we suppose that each terminal fibril of the auditory nerve is con- 
nected with an organ so far like a piano-string that it will readily 
vibrate in response to a series of vibrating impulses of a given 
period and to none other, and that we possess a number of such 
terminal organs sufficient for the analysis of all the sounds which we 
can analyse, and that each terminal organ so affected by particular 
vibrations gives rise to a sensory impulse and thus to a sensation of 
a distinct character — if we suppose these organs to exist, our ap- 
preciation of sounds is in a large measure explained. In the organ 
of Corti we find structures the arrangement of which irresistibly 
suggests to us that these are the organs we are seeking. We have 
only to suppose that of the long series of rods of Corti, varying regu- 
larly as these do from the bottom to the top of the spiral, in length 
and in the span of their arch, each pair will vibrate in response to a 
particular tone, and the whole matter seems explained. But the more 
the subject is inquired into, the more complex and difficult it appears; 
and we are obliged to conclude that the part played by the rods of 
Corti is only a subordinate part of the function of the whole organ of 
Corti. 

In the first place, it is difficult to see how the rods of Corti, even if 
they are thrown into vibration, can originate sensory impulses, for the 
fibrils of the auditoiy nerve terminate in the inner and outer hair-cells, 
and it is in these cells, and not along the course of the fibrils as they pass 
under and between the rods of Corti, that the sensory impulses must begin. 
In the second place, the variation in length of the fibres along the series is 
insufficient for the work assigned to them. Moreover, they appear not 
to be elastic. Lastly, they are wholly absent in birds, who veiy clearly 
can appreciate musical sounds. This last fact proves indubitably that the 
rods in question are not absolutely essential for the recognition of tones. 
In the face of these difficulties it has been suggested that the basilar 
membrane, which is present in birds, and which, being tense radially 
but loose longitudinally, Le, along the spiral of the cochlea, may, as 
physical Investigations shew, be considered as consisting of a numl^r of 
parallel radial strings, each capable of independent vibrations, is the sought- 
for organ of analysis. According to this view, a particular vibration reach- 
ing the scala tympani of the cochlea throws into sympathetic vibrations a 
small portion of the basilar membrane, the vibrations of which in turn 
so affect the structures overlying it, that sensory impulses are generated. 
These sensory impulses reaching the brain give rise to a corresponding 
sensation of a particular tone. According to Hensen the radial dimensions 
of the basilar membrane in man diminish downwards from *495 mm. 
at the hamulus to *04125 mm. near the bottom of the spiral, giving a much 
greater range than the rods of Corti, the difference in length of which 
is simply between *048 and *085 mm. for the inner, and between *019 and 
*085 for the outer, fibres. 
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The remarkable reticular membrane which has such peculiar relations 
with the hair>cellS| and through them with the basilar membrane, must, 
one might imagine, have some special function; but it is impossible to 
assign to it any satisfactory duty. The structural arrangements seem, if 
anything, to indicate that when a segment of the basilar membrane is 
thrown into vibrations, the overlying hair-cells, reticular membrane, and 
rods of Corti vibrate en masse together with it. But this renders the 
whole matter still more difficult. Indeed the whole subject is in the 
highest degree obscure, and the most we can say is that the organ of Corti 
as a whole seems to be in some way connected with the appreciation of 
tones, but that at present it is very hazardous to attempt to explain how it 
acts, or to assign particular functions to particular parts. The distinc- 
tion between the inner and outer hair-cells seems to be very parallel to that 
between the rods and the cones of the retina ; but even this analogy may 
be a fallacious one. 

Hensen has observed that among the auditory hairs of the Crustacea, 
some will vibrate to particular notes; but the auditory hairs of the 
mammal are far too much of the same length to permit the supposition 
that they can act as organs of analysis. 

If the organ of Corti is the means by which we appreciate tones, it 
is evident that by it also we must be able to estimate loudness, for the 
quality of a musical sound is dependent on the relative intensity, as well 
as on the nature, of the overtones. And since noise is at best but confused 
music, the cochlea must be a means of appreciating noises as well as 
sounds. But this would leave nothing whatever for the rest of the 
labyrinth to do as far as the appreciation of sound was concerned. We 
have no reason to think that any impulse which could affect the hair-cells 
of the maculae and cristae could not affect the haii’-cells of the organ of 
Corti, That this part of the ear Ls however concerned in conscious hearing 
is shewn by its being the only auditory organ in the ichthyopsida, unless we 
suppose that in the higher vertebrates its function has been wholly trans- 
ferred to the cochlea. That the semicircular canals have duties apart 
from conscious hearing we shall shew later on. 

Concerning the function of the other parts of the internal ear we know 
veiy little. The otoliths have been supposed to intensify the vibrations 
of the endolymph ; but since apparently they are lodged in a quantity of 
mucus it is probable that they really act as dampers. A similar damping 
action has been suggested for the membrane of Corti {memhrana tectoria) 
overhanging the fibres and hair-cells; and some writers have supposed that 
muscular fibres present in the planum semilunare may by tightening the 
basilar membrane serve as a sort of accommodating mechanism. 

It must however be borne in mind that oven making the fullest 
allowance for the assistance afforded us by the organ of Corti, the 
appreciation of any sound is ultimately a mental act. The analysis 
of the vibrations hy the fibres of Corti or the basilar membrane is 
simply preliminary to a synthesis of the sensory impulses so generated 
into a complex sensation. We do not receive a distinct series of 
specific auditory impulses resulting in a specific sensation for every 
possible variation in the wave-length of sonorous vibrations any more 
than we receive a distinct series of specific visual impulses for every 
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possible wave-length of luminous vibrations. In each case we have 
probably a number of primary sensations, from the various mingling 
of which, in different proportions, our varied complex sensations arise; 
the difference between the eye and the oar being that whereas in the 
former the number of primary sensations appears to be limited ^to 
three, viz. red, green, and violet ; in the latter, thanks to the organ of 
Corti, the number is very large ; what the exact number is we cannot 
at present tell. Our appreciation of a sound is at bottom an appre- 
ciation of the combined effect produced by the relative intensities to 
which the primary auditory sensations are, with the help of the organ 
of Corti, excited by the sound. 

Whatever be the explanation of the manner in which our distinct 
auditory sensations arise, the range and precision of our appreciation 
of musical sounds is very great. Vibrations with a recurrence below 
30 a second are unable to produce a sensation of sound ; if the waves 
are powerful enough we may feel them, but we do not hear them if 
the vibrations are simple, and such as would give rise to a pure tone ; 
if the fundamental tone is accompanied by overtones we may hear 
these and are thus apt to say we hear the former j^hen in reality 
we only hear the latter. The note of the 16-feet organ pipe, 33 
vibrations a second, gives us the sensation of a droning sound. A 
tone of 40 vibrations is however quite distinct. In the other direc- 
tion it is possible to hear a note caused by 38,000 vibrations a 
second, though the limit for most persons is far lower, a jdut 1 6,000 \ 
Some persons hear grave sounds more easily than high ones, and vice 
versa. This may be so pronounced as to justify the subjects being 
spoken of as deaf to grave or high tones respectively. 

The power of distinguishing one note from another varies, as is 
well known, in different individuals, according as they have or have 
not a ‘musical ear.’ A well-trained car can distinguish between 
1000 and 1001 vibrations a second. The range of an ordinary ap- 
preciation of tones lies between 40 and 4000 vibrations a second, 
i.e. between the lowest bass C (C, 33 vibrations) and the highest 
treble C (C® 4224 vibrations) of the piano; tones above and below 
these, even when audible, being distinguished from each other with 
great difficulty. 

When two consecutive sounds follow each other at a sufficiently 
short interval the sensations are fused into one. In this respect audi- 
tory sensations are of shorter duration than ocular sensations. When 
ocular sensations are repeated ten times in a second they become 
fused (p. 416), whereas the ticks of a pendulum beating 100 in a 
second are readily audible as distinct sounds. When two tuning- 
forks not quite in tune are struck together the interference of the 
vibrations gives rise to an alternating rise and fall of the sound, known 
as ‘ beats.* When the beats follow each other as rapidly as 132 in a 

1 Helmholtz, Tonempfindungen^ p. 80. Cf. Preyer (Qrenzen der Tonwahmehmung. 
Phy nolog, Abhandlur^en, 1 . 1, 1876), who places the grave limit as varying from 16 to 
24, and the acute limit from 16,006 to 40,000 vibrations per see. 
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second they cease to be recognized, that is to say, the sensations 
which they cause become fused. Just before they disappear they 
give a peculiar disagreeable roughness to the sound. The pleasure 
given by musical sounds depends largely on the absence of this in- 
complete fusion of sensations. 

Corresponding to entoptic phenomena there are various entotic 
phenomena, sensations or modifications of sensations originating in 
the tympanum or in the labyrinth; moreover sensations of sound may 
rise in the auditory nerve or in the brain itself, without any vibration 
whatever falling on the lab3ninth. 

Auditory Judgments. 

In seeking for the cause of our visual sensations we invariably 
refer to the external world. The sensation caused by a direct stimu- 
lation of the optic nerve or retina by a blow or a galvanic current, 
we identify with that caused by a flasn of light. A sensation arising 
from any stimulation of the left side of our retina we regard as 
caused by soma object on the right-hand side of our external visible 
world, tn a similar way, but to a less extent, we project our auditory 
sensations into the world outside us, and when the auditory nerve is 
affected we seek the cause in vibrations starting at a greater or less 
distance from us. We do not think of the sound as originating in the 
ear itself. 

This mental projection of the sound is much more complete when 
the ear is stimulated by vibrations reaching it through the membrana 
tympani than when the vibrations are conducted by the solids of the 
head directly to the perilymph of the labyrinth. When the meatus 
externus is filled with fluid and the vibrations of the membrana 
tympani are in consequence interfered with, the apparent outwardness 
of sounds is to a very large extent lost ; sounds, however caused, seem 
under these circumstances to arise in the ear. Hence it would 
seem that our judgment of the objectiveness of sounds is largely 
dependent on coincident sensations derived in some way or other 
from the tympanum. 

When sounds impinge on the solids of the head, as when a watch is 
held between the teeth, the membrana tympani is still functional. Vibra- 
tions are conveyed from the temporal bone to it and hence pass in the 
usual way, in addition to those transmitted directly from the bone, to the 
perilymph. 

Our judgment of the distance of sounds is very limited. A sound 
whose characters we know appears to us near when it is loud, and far 
off when it is faint. A blindfold person will be unable to distin- 
guish between the difference of intensity produced by a tuning- 
fork being held before him, first with the broad edge of the fork 
towards Wm and then with the narrow edge, and the difference 
caused by the removal of the tuning-fork to a distance. We can on 
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tlie whole better appreciate the distance of noises than of musical 
sounds. 

Our judgment of the direction of sounds is also very limited. 
Our chief aid in this is the position in which we have to place the 
head in order that we may hear the sound to the best advantage. ‘If 
a tuning-fork be held in the median vertical plane over the head, 
though it is easy to recognize it as being in the median plane, it 
becomes very difficult when the eyes are shut to say what is its posi- 
tion in that plane, i,e. whether it is more towards the front or 
back of the head. In this respect, too, our appreciation is more ac- 
curate in the case of noises than of musical sounds, with the exception 
of those given out by the human voice, the direction of which can be 
judged better than even that of a noise. 


Sec. 2. Smell, 

Odoriferous particles present in the inspired air passing through 
the lower nasal chambers diffuse into the upper nasal chambers, and 
falling on the olfactory epithelium produce sensory impulses which, 
ascending to the brain, give rise to sensations of smeU. We may 
presume that the sensory impulses are originated by the contact of 
the odoriferous particles with the peculiar rod-shaped olfactory cells 
described by Max Schultze; but we are as much in the ^ark about 
this matter as about the development of visual sensory impulses in 
the rods and cones or auditory sensory impulses in the organ of Corti. 

The subsidiaiy apparatus of smell is exceedingly meagre. By the 
forced nasal inspiration, called sniffings we draw air so forcibly through 
the nostrils that currents pass up into the upper as well as the lower 
nasal chambers ; and thus a more complete contact of the odoriferous 
particles with the olfactory membrane than that supplied by mere 
diffusion is provided for. 

We have every reason to think that any stimulus applied to the 
olfactory nerve will produce a sensation of smell ; but the proof 
of this is not so clear as in the case of the optic and auditory nerves. 
We are, however, subject to sensations of smell not caused by ob- 
jective odours. The olfactory membrane is the only part of the body 
in which odours as such can give rise to any sensations; and the 
sensations to which they give rise are always those of smell. The 
mucous membrane of the nose is however also an instrument for the 
development of afferent impulses other than the specific olfactory 
ones. Chemical stimulation of the nasal membrane by pungent sub- 
stances such as ammonia gives rise to a sensation distinct from that of 
smell, a sensation which affords us no information concerning the 
chemical nature of the stimulus, and which is indistinguishable from 
the sensations produced by chemical stimulation of other surfaces 
equally sensitive to chemical action. It is probable, but not certain, 
that these two kinds of sensations are conveyed by different nerves, 
the former by the olfactory, the latter by the fifth nerve. 
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For the development of smell it appears necessary that the odori- 
ferous particles should be conveyed to the nasal membrane in a 
gaseous medium, or at least that the surface of the membrane should 
be exposed to air. When the nostril is filled with rose-water, the 
od(rfur of roses is not perceived ; and simply filling the nostrils with 
distilled water suspends for a time all smell, the sense returning 
gradually after the water has been removed. 

Each odour that we smell causes a specific sensation, and we are 
not only able to recognize a multitude of distinct odours, but also to 
distinguish individual odoui*s in a mixed smell. 

As in the previous senses, we project our sensation into the 
external world; the smell appears to be not in our nose, but some- 
where outside us. We can judge of the position of the odour however 
even less definitely than we can of that of a sound. 

The sensation takes some time to develope after the contact of the 
stimulus with the olfactory membrane, and lasts very long. When 
the stimulus is repeated the sensation very soon dies out ; the sensory 
terminal organs speedily become exhausted. Mental associations 
cluster more strongly round sensations of smell than round any other 
impressions we receive from without. And reflex effects are very 
frequent, many people fainting in consequence of the contact of a few 
odoriferous particles with their olfactory cells. 

Apparently the larger the surface the more intense the sensation; 
animals with acute scent having a proportionately large area of olfac- 
tory membrane. The quantity of material required to produce an 
olfactory sensation may be, as in the case of musk, almost immeasur- 
ably small. 

When two different odours are presented to the two nostrils, an 
oscillation of sensation similar to that spoken of in binocular vision 
(p. 448) takes place. 

The assertion that the olfactory nerve is the nerve of smell has been 
disputed. Majendie asserted that animals could still smell after the removal 
of the olfactory lobes ; but the stimulus wliich he applied was ammonia, in 
no way a test of smell. Biffi, operating on blind puppies, came to the con- 
clusion that true smell disapi^eared after destruction of the olfactory lol)es. 
Bernard* records a case of a woman who had been a cook, and who ap- 
peared to have possessed the sense of smell, and yet in whom the olfactory 
lobes were absent. On the other hand, it is stated tliat section or injury 
of the fifth nerve causes a loss of smell though the olfactory nerve remains 
intact ; but in these cases it has not been shewn that the blfactory mem- 
brane remains intact, and it is quite possible that, as in the case of the eye, 
changes may take place in the nasal membrane as the result of the injury to 
the fifth nerve, sufficient to prevent its performing its usual functions. 


^ By%t, Nerv, ii. 228. 



460 


TASTE. 


[Book iil 


Sec. 3. Taste. 

The 'word taste is frequently used when the word smell ought to 
be employed. We speak of ‘tasting* odoriferous substances, such' as 
an onion, wines, &c., when in reality we only smell them as we hold 
them in our mouth; this is proved by the fact that the so-called taste 
of these things is lost when the nose is held, or the nasal membrane 
rendered inert by a catarrh. 

The terminal organs of the sense of taste thus more strictly de- 
fined, are the endings of the glossopharyngeal and lingual nerves in 
the mucous membrane of the to^ue and ;^ate, those nerves serving 
as the special nerves of taste. The subsidiary apparatus is confined 
to the tongue and lips, which by their movements assist in bringing 
the sapid substances into contact with the mucous membrane of the 
mouth. 

The so-called gustatory buds cannot be regarded as specific organs of 
taste, since they occur in places {e.g, epiglottis) wholly devoid of taste. 

Though we can hardly be said to project our sensation of taste 
into the external world, we assign to it no subjective localisation. 
When we place quinine in our mouth, the resulting sensation of taste 
gives us no information as to where the quinine is, t^c^gh we may 
learn that by concomitant general sensations arising in the buccal 
mucous membrane. 

We recognize a multitude of distinct tastes, which maybe broadly 
classified into acid, saline, bitter and sweet tastes. Sapid substances 
have the power of producing these sensations by virtue of their 
chemical nature. But other stimuli will also give rise to sensations 
of taste. When the tongue is tapped, a taste is felt ; and when a 
constant cun-ent is passed through the mouth, an alkaline taste is 
developed when the anode, and an acid taste when the kathode, is 
placed on the tongue. It is probable that in these cases the terminal 
organs are affected. When hot or pungent substances are introduced 
into the mouth, sensations of general feeling are excited, which 
obscure any strictly gustatory sensations which may be present at the 
same time. 

Though analogy would lead us to suppose that a stimulus applied 
to any part of the course of the real gustatory fibres of either the 
glossopharyngeal or lingual nerves, would give rise to a sensation of 
taste and nothing else, the proof is not forthcoming ; since both these 
nerves are mixed nerves containing other afferent fibres as well as 
those of taste. 

When the constant current is used as a means of exciting taste, 
gustatory sensations are found to be developed in the back, edges and 
tip of the tongue, the soft palate with the anterior pillar of the fauces 
and a small tract of the posterior part of the hard palate. They are 
absent from the anterior and middle dorsum, and under surface of the 
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tongue, the front portion of the hard palate, the posterior pillars of 
the fauces, the gums and the lips. Sapid substances are unsuitable 
as a test for this purpose, on account of their rapid diffusion. Bitter 
substances produce most effect when placed on the back of, and sweet 
substances when placed on the tip of the tongue. It is said that 
aculs are best appreciated by the edge of the tongue. 

It is essential for the development of taste, that the substance to 
be tasted should be dissolved ; and the effect is increased by friction. 
The larger the surface the more intense the sensation. The sensation 
takes some time to develope, and endures for a long time, though this 
may be in fact due to the stimulus remaining in contact with the 
terminal organs. A temperature of about 40° is the one most favour- 
able for the production of the sensation. At temperatures much 
above or below this, taste is much impaired. The nerves of taste are, 
as we have said, the glossopharyngeal and the lingual or gustatory. 
The former supplies the back of the tongue, and section of it destroys 
taste in that region. The latter is distributed to the front of the 
tongue, and section of it similarly deprives the tip of the tongue of 
taste. There is no reason for doubting that the gustatory fibres in 
the glossopharyngeal are proper fibres of that nerve ; but it has been 
urged by many, that the gustatory fibres of the lingual are derived 
from the chorda tympani, and that those fibres of the lingual which 
come from the fifth are employed exclusively in the sensations of 
touch and feeling. 

The arguments in favour of this latter view are as follow. Cases 
have been observed in which the fifth nerve has been destroyed in the 
cranium, and yet taste in the front of the tongue has not been lost. 
Cases have been observed where the chorda tympani has been diseased, 
or injured in the tympanum, and where taste has been impaired. It is 
asserted that when the lingual is divided above the junction of the chorda, 
taste in the front of the tongue is not lost, while it disappears after section 
of the miited lingual and chorda. It is also stated that the glossopharyngeal 
having been divided, and taste in consequence confined to the front part 
of the tongue, subsequent section of the chorda within the tympanum 
has removed taste altogether. On the other hand, cases have b^n ob- 
served where the fifth was alone diseased and yet taste was lost (in the 
front of the tongue); and it is moreover urged that while stimulation of 
the central end of a divided chorda gives rise to no sensation of taste, 
stimulation of an undivided chorda might give rise to such sensations 
by simply promoting a flow of saliva, and that division of the chorda 
might affect taste by interfering with the normal flow of saliva. And 
even if the chorda contained gustatory fibres these might have their 
ultimate origin in the fifth, coming from that nerve to the facial by the 
spheno-palatine ganglion and siqierficial petrosal nerve. 
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Sec. 1. General Sensibility and Tactile Perceptions. 

We have taken the foregoing senses first in the order of discussion 
on account of their being eminently specific. The eye gives us only 
visual sensations, the ear only auditory sensations. The sensations 
are produced in each case by specific stimuli ; the eye is only afiFected 
by light and the car by sound. Moreover, the information they 
afford us is confined to the external world; they tell us nothing about 
ourselves. The various visual sensations which arise in our retina 
are referred by us not to the retina itself, but to some real or 
imaginary object in the world without (including as part of the 
external world such portions of our own bodies as are % mhle to our- 
selves). Such also with diminishing precision is the information 
gained by hearing, taste and smell. 

All the other afferent nerves of the body, centripetal impulses 
along which are able to affect our consciousness, are the means of 
conveying to us information concerning ourselves. The sensations, 
arising in them from the action of various stimuli, are referred by us 
to appropriate parts of our own body. Wlien any body comes in 
contact with our finger, we know that it is our finger which has been 
touched ; from the resultant sensation we not only learn the existence 
of certain qualities in the object touched, but we also are led to 
connect the cognizance of those qualities with a particular part of 
our own body. 

Like the more specific senses previously studied, the sensations of 
which we are now speaking, and which may be referred to under the 
name of touch, using that word for the present in a wide meaning, 
require for their production terminal organs ; and the chief but not 
exclusive organ of touch is to be found in the epidermis of the skin 
and certain underlying nervous structures. For the development of 
specific tactile sensations these terminal organs are as essential as are 
the terminal organs of the eye for sight or of the ear for hearing. 
Contact of the skin with a hard or with a hot body gives rise to 
distinct sensations, whereby we recognize that we have touched a 
hard or a hot body. But the application of either body or of any 
other stimulus to a nerve-trunk gives rise to a sensation of general 
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feeling only, corresponding to the simple sensation of light which is 
produced by direct stimulation of the optic nerve. We have no more 
tactile perception df a body which is in contact with a nerve-trunk 
than we could have visual perception of any luminous object, the rays 
proceeding from which were strong enough to excite sensory im- 
pulses when directed on to the optic nerve instead of on to the retina, 
supposing such a thing to be possible. It is further characteristic of 
these ordinary nerves of general feeling, that the sensations caused 
by any stimulation of them beyond a certain degree develope that 
state of consciousness which we are in the habit of speaking of as 
*pain.’ Putting aside the general feeling which many parts of 
the eye possess, a very strong luminous stimulation of the retina is 
required to produce a sensation of pain, if indeed it can be at all 
brought about, whereas a very moderate stimulation of the skin, and 
almost every stimulation of an ordinary nerve-trunk, is said by us 
to be painful. 

The stimuli which, when applied to the skin, give rise to tactile 
perceptions are of two kinds only: (1) mechanical, that is, the contact 
of bodies with varying degrees of pressure; and (2) thermal, i.e. the 
raising or lowering of the temperature of the skin by the approach or 
contact of hot or cold bodies. We can judge of the weight and of 
the temperature of a body, because we can, through touch, perceive 
how much it presses when allowed to rest on our skin or how 
hot it is. But we can through touch derive no other perceptions and 
form no other judgments. An electric shock sent through the skin 
will give rise to a sensation, but the sensation is an indefinite one, 
because the electric current acts not on the terminal organs of touch, 
but on the fine nerve-branches of the skin. We cannot distinguish 
the sensation so caused from a mechanical prick of similar intensity, we 
cannot perceive that the sensation is caused by an electric current. 
Similarly certain chemical substances such as a strong acid will give 
rise to a sensation, but we cannot perceive the acid, we can form no 
judgment of its nature such as we could if we tasted it ; and if the 
acid does not permeate the skin so as to act directly and chemically 
on the fine nerve-fibres, we cannot distinguish the acid from any 
other liquid giving rise to the same simple contact impressions. The 
terminal organs of the skin are such as are only affected by pressure 
or by temperature. Conversely pressure or variations in temperature 
brought to bear on a nerve-trunk, instead of on the terminal organs, 
produce no specific tactile sensations of pressure or temperature, but 
merely general sensations of feeling rapidly rising into pain. 

Sec. 2. Tactile Sensations. 

Sensations of Pressure. 

As with visual, so with tactile and indeed with all other sen- 
sations, the intensity of the sensation maintains that general relation 
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to the intensity of the stimulus which we spoke of at p. 418 as being 
formulated under Fechner's law. We can distinguish the difference 
of pressure between one and two grammes as rewily as we can that 
between ten and twenty or one hundred and two hundred. 

When two sensations follow each other in the same spot at a 
suflSciently short interval they are flSsed into one ; thus, if the finder 
be brought to bear lightly on a rotating card having a series of holes 
in it, the holes cease to be felt as such when they follow each other at 
a rapidity of about 1500 in a second. The vibrations of a cord cease 
to be appreciable when they reach the same rapidity. When sensa- 
tions are generated at points of the skin too close together they 
become fused into one ; but to this point we shall return presently. 

The sensation caused by pressure is at its maximum soon after its 
beginning, and thenceforward diminishes. The more suddenly the 
pressure is increased, the greater the sensation; and an increase 
of pressure, if it be sufficiently gradual, will not give rise to any 
sensation. A sensation in any spot is increased by contrast with 
surrounding areas not subject to pressure. ITius if the finger be 
dipped into mercuiy the pressure will be felt most at the surface of 
the fluid ; and if the finger be drawn up and down, the sensation 
caused will be that of a ring moving along the finger. 

All parts of the skin are not equally sensitive to pressure ; small 
differences of simple pressure are more readily appreciated when 
brought to bear on the palmar surface of the finger, o t)n the fore- 
head, than on the arm or on the sole of the foot. In making these 
determinations all muscular movement should be avoided in order to 
eliminate the muscular sense of which we shall speak presently ; and 
the area stimulated should be as small and the surfaces in contact as 
uniform as possible. In a similar manner small consecutive varia- 
tions of pressure, as in counting a pulse, are more readily appreciated 
by certain parts of the skin than by others; and the minimum of 
pressure which can be felt differs in different parts. In all cases 
variations of pressure are more easily distinguished when they are 
successive than when they ai’e simultaneous. 

Sensations of Temperature. 

When the temperature of the skin is raised or lowered in any 
spot we receive sensations of heat and cold respectively ; and by these 
sensations of the temperature of our own skin we form judgments of 
the temperature of bodies in contact with it. Bodies of exactly the 
same temperature as our skin produce no such thermal sensations, 
though we can, from the very absence of sensations, form a judgment 
as to their temperature ; and good conductors of heat appear respec- 
tively hotter and colder than bad conductors raised to the same 
temperature. 

We may consider the skin as having at any given time and in any 
given spot a normal temperature at which the sensation of temperature is 
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at zero ; for under ordinary circumstances we are not directly conscious of 
the temperature of our skin ; it is only when the normal temperature at 
the spot is raised or lower^ that we have a sensation of heat or cold 
respectively. This normal temperature may be at the same time different 
in different parts of the body ; thus at a time when neither the forehead 
n<fr the hand are giving rise to anj^ sensation of temperature, we may, by 
putting the hand to the forehead, frequently feel the former hot or cold 
because the normal temperatures of the two parts differ. The normal 
temperature in any spot may also vary from time to time. Thus when 
the hand is placed in a warm medium for some time, the sensation of 
warmth ceases ; a new noimal temperature is established with the zero 
of sensation at a higher level, a depression or elevation of this new tem- 
perature giving rise however as before to sensations of heat and cold 
respectively. That it is the changed condition, and not the change itself, 
of which we are conscious is shewn by the fact that when a portion of skin 
is cooled, by brief contact with a cold metal for instance, we are still con- 
scious of the spot being cold after the cooling agent has been removed and the 
cooled spot is in reality being heated by the surrounding warmer tissues*. 

The change in temperature of the skin necessary to produce a 
sensation must have a certain rapidity; and the more gradual the 
change the less intense the sensation. The repeated dipping of the 
hand into hot water produces a greater sensation than when the hand 
is allowed to remain all the time in the water, though in the latter 
case the temperature of the skin is most affected. The same effect 
of contrast is seen in these sensations as in those of pressure. 

We can with some accuracy distinguish variations of temperature, 
especially those lying near the normal temperature of the skin. These 
sensations, in fact, follow Fechner’s law, though apparently sensations 
of slight cold are more vivid than those of slight heat, so that the 
range of most accurate sensation lies between 27® and 33®. The 
regions of the skin most sensitive to variations in temperature are 
not identical with those most sensitive to variations in pressure. Thus 
the cheeks, eyelids, temples and lips, are more sensitive than the 
hands. The least sensitive parts are the legs, and front and back of 
the trunk. 

The simplest view which can be taken with regard to the distinction 
between pressure and temperature sensations is to suppose that two 
distinct kinds of terminal organs exist in the skin, one of which is af- 
fected only by pressure, and the other only by variations in temperature ; 
and that the two kinds of peripheral organs are connected with different 
parts of the central sensory organs by separate nerve-fibres. Certain 
pathological cases have been quoted® as shewing not only that this is 
the case, but that the two sets of fibres pursue different courses in the 
spinal cord. Thus in certain diseases or injuries to the brain or spinal 
cord, hypersesthesia as regards temperature has been observed unaccom- 
panied by an augmentation of sensitiveness to pressure ; and conversely 

* Hering, Wien, Sitzungsbericht, ixky. (1877). 

• Brown-Sequard, Journ. d, Fhyt. 1868, Vohvni. Archivet de Phyi, 1868, Vol. i. 

F. P. 30 
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Instances have been seen where the patient could tell ilrhen he was touched, 
but could not distinguish between hot and cold. 
might be uiged that ^ese pathological cases have not received the critical 
examination which they demand; and that there are facts which shew 
a close dependence between the sensations of pressure and temperature. 
When each stimulus is brought to bdtf on a very limited area, the two 
sensations are frequently coiSbunded, and Weber has pointed out that 
cold bodies feel heavier than hot bodies of the same weight No case has 
yet been recorded where a hot body, a cold body, and a body of the 
temperature of the skin, all felt exactly alike, when each was applied with 
the same pressure ; and the cases where a hot sponge or spoon was felt 
(because it was hot), and yet the sensation was confounded with one of 
pressure, indicate that the same terminal organs are affected by both 
stimuli 

With regard to the nature of the terminal organs in the skin, it 
may be stated that the corpitscula tactus were regarded by their 
discoverers as specific organs of touch. The end-bulbs of Krause 
have also been regarded in the same light. But the evidence we 
possess concerning this matter is at present inconclusive. 


Sec. 3. Tactile Perceptions and Judgments. 


When a body pesses on any spot of our skin, or when the tem- 
perature of the skin at that spot is raised, we are i h only conscious 
of pressure or of heat, but perceive that a particular part of our body 
has been touched or heated. We refer the sensations to their place 
of origin, and we thus by touch perceive the relations to ourselves of 
the Iwdy which gives rise to the tactile sensations, in the same 
way as in our visual perception of external objects we refer to external 
nature the sensations originating in certain parts of the retina. 
When we are touched on the finger and on the back we refer the 
sensations to the finger and to the back respectively, and when we 
are touched at two places on the same finger at the same time we 
refer the sensations to two points of the finger. In this way we can 
localize our sensations, and are thus assisted in perceiving the space 
relations of objects with which we come in contact. 

This power of localizing pressure-sensations varies in different 
parts of the bodjr. The following table from Weber gives the distance 
at which two points of a pair of compasses must be held apart, so that 
when the two points are in contact with the skin, the two consequent 
sensations can be localized with sufficient accuracy to be referred 
to two points of the body, and not confounded together as one. 


Tip of tongue 

Palm of last phalanx of finger 
Palm of second „ „ 



11 

2-2 

4*4 

6-6 

8-8 


mm. 
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Back of seccmd phalanx of finger 

Skin over mi.lar bone 

Back of hand 

Forearm 

Sternum 

••• ••• ••• 


1110 mm. 


15-4 

29-8 

89-6 

44-0 

660 


)» 


And a very similar distribution has been observed in reference to 
the localisation of sensations of temperature. As a general rule it 
may be said that the more mobile parts are those by which we can 
thus discriminate sensations most readily. The lighter the pressure 
used to give rise to the sensations, the more easily are two sen- 
sations distinguished ; thus two points which, when touching lightly, 
appear as two, may, when firmly pressed, give rise to one sensation 
only. The distinction between the sensations is obscured by neigh- 
bouring sensations arising at the same time. Thus two points 
brought to bear within a ring of heavy metal pressing on the skin, 
are readily confused into one. And it need hardly be said that 
these tactile perceptions, like all other perceptions, are immensely 
increased by being exercised. 


Our ‘ field of touch,’ if we may be allowed the expression, is composed 
of tactile areas or units, in the same way that our field of vision is com- 
posed of visual areas or units. The tactile sensation is, like the visual 
sensation, a symbol to us of some external event, and we refer the sensation 
to its appropriate place in the field of touch. All that has been said (p. 420) 
concerning the subjective nature of the limits of visual areas, applies equally 
well, mutatia mutandiSf to tactile areas. When two points of the compasses 
are felt as two distinct sensations, it is not necessary that two and only two 
nerve-fibres should be stimulated; all that is necessary is that the two 
cerebral sensation-areas should not be too completely fused together. The 
improvement by exercise of the sense of touch must be explained not by an 
increased development of the terminal organs, not by a growth of new 
nerve-fibres in the skin, but by a more exact limitation of the sensational 
areas in the brain, by the development of a resistance which limits the 
radiation taking place from the centres of the several areas. 

By a multitude of simultaneous and consecutive tactile sensations 
thus converted into perceptions we are able to make ourselves ac- 
quainted with the form of external objects. We can tell by varia- 
tions of pressure whether a surface is rough or smooth, plane or 
curved, what variations of surface a body presents, and how far it is 
heavy or light ; and from the information thus gained we build up 
judgments as to the form and nature of objects, judgments however 
which are most intimately bound up with visual judgments, the 
knowledge derived by one sense correcting and completing that ob- 
tained by the other. As in other senses so in this, our sensations 
may mislead us and cause us to form erroneous judgments. This is 
well illustrated by the so-called experiment of Aristotle. It is im- 
possible in an ordinary position of the fingers to bring the radial 

30—2 
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side of the middle finger and the ulnar side of the ring finger to 
bear at the same time on a small object such as a marble. Hence 
when with the eyes shut we cross one finger over the other, and 
place a marble between them so that it touches the radial side of 
the one and the ulnar side of the other, we recognize that the object 
is such as could not under ordinary conditions be touched at the 
same time by these two portions of our skin, and therefore judge 
that we are touching not one but two marbles. 

Distinct tactile sensations are, as we have seen, produced only 
when a stimulus is applied to a terminal organ. When sensations 
or affections of general sensibility other than the distinct tactile sen- 
sations are developed in the termination of a nerve, we are able, 
though with less exactitude, to refer the sensation to a particular part 
of the body. Thus when we are pricked or burnt, we can feel where 
the prick or bum is. When a sensory nerve-trunk is stimulated, the 
sensation is always referred to the peripheral terminations of the 
nerve. A blow on the ulnar nerve at the elbow is felt as a tingling 
in the little and ring fingers corresponding to the distribution of the 
nerve. Sensations started in the stump of an amputated limb are 
referred to the absent member. 

Stimulation of a nerve-trunk gives rise to general sensations only; 
no distinct tactile perceptions can thus be produced. When cold is 
applied to the elbow it is felt as cold in the skin of the elbow ; but a 
cooling of the ulnar nerve at this spot simply gives L A to pain which 
is referred to the ulnar side of the hand and arm. 


Sec. 4, The Musculab Sense. 

When we come into contact with external bodies we are conscious 
not only of the pressure exerted by the object on our skin, but also 
of the pressure which we exert on the object. If we place the hand 
and arm flat on a table, we can estimate the pressure exerted by 
bodies resting on the palm of the hand, and so come to a conclusion 
as to their weights; in this case we are conscious only of the pressure 
exerted by the body on our skin. If however we hold the body in 
the hand, we not only feel the pressure of the body, but we are also 
aware of the muscular exertion required to support and lift the 
body. We are conscious of a muscular sense ; and we find by ex- 
perience that when we trust to this muscular sense as well as to the 
sensation of pressure, we can form much more accurate judgments 
concerning the weight of bodies than when we rely on pressure alone. 
When we want to tell how heavy a body is, we are not in the habit 
of allowing it simply to press on the hand laid flat on a table; we 
hold it in our hand and lift it up and down. We appeal to our 
muscular sense to inform us of the amount of exertion necessary to 
move it, and by help of that, judge of its weight. And in all the 
movements of our body we are conscious, even to an astonishingly 
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accurate degree, as is well seen in the discussions concerning vision, 
of the amount of the contraction to which we are putting our muscles. 
In some way or other we are made aware of what particular muscles 
or groups of muscles are being thrown into action, and to what extent 
tliat action is being carried. We are also conscious of the varying 
condition of our muscles, even when they are at rest ; the tired and 
especially the paralysed limb is said to ‘feel* heavy. In this way 
the state of our muscles largely determines our general feeling of 
health and vigour, of weariness, ill health and feebleness. 

It has been suggested that since muscle possesses little or no general 
sensibility, comparatively little pain being felt for instance when muscles 
are cut, our muscular sense is chiefly derived from the traction of the 
contracting muscle on its attachments, and undoubtedly in cramp, when it 
can be localized, the pain is chiefly felt at the joints ; and, as we know, 
Pacinian bodies are abundant around the joints. The investigations of 
Sachs, however seem to shew that afferent nerves, having a different dispo- 
sition from the ordinary motor nerves which terminate in end-plates, are 
present in muscle ; and analogy would lead us to suppose that these afferent 
fibres, though easily excited by a muscular contraction, might possess 
a low general sensibility. In favour of the view that the muscular sense 
is peripheral and not central in origin, may be urged the fact that the sense 
is felt when the muscles are thrown into contraction by direct galvanic 
stimulation instead of by the agency of the will. Many authors, even 
while admitting the existence of a muscular sense of peripheral origin, con- 
tend that we also possess and are very largely guided in our movements 
by what might be called a ‘ neuraP sense of central origin. That is to 
say, the changes in the central nervous system involved in initiating 
and carrying out a movement of the body, so affect our consciousness, 
that we have a sense of the effort itself. It has been observed that 
when the posterior roots are divided, movements become less orderly, 
as if they lacked the guidance of a muscular sense ; and although the im- 
pairmeiit of the movements may be due in part to the coincident loss of 
tactile sensations, it is probable that it is increased by the loss of the mus- 
cular sense. There is a malady, called locomotor ataxy, the characteristic 
feature of which is that, though there is no loss of direct power over the 
muscles, the various bodily movements are effected imperfectly and with 
difficulty, from want of proper co-ordination. In this disease the patho- 
logical mischief is found in the posterior columns of the spinal cord and 
the posterior roots of the spinal nerves, that is in distinctly afferent struc- 
tures ; and the phenomena seem due to inefficient co-ordination caused by 
the loss both of the muscular sense and of ordinary tactile sensations. 
The patients walk with difficulty, because they have imperfect sensations 
both of the condition of their muscles and of the contact of their feet 
with the ground. In many of their movements they have to depend 
largely on visual sensations ; hence when their eyes are shut, they become 
singularly helpless. 

Among the names of those who have contributed largely to our know- 
ledge of the physiology of the various senses, the following (the more purely 


^ Beichert and Du Bois-Beymond’s Arehiv^ 1874, p. 175. 
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physical inquirers being passed over) call for special mention. In vision, 
the labours of Young^ on accommodation and colour sensations, of Purkiuje* 
on subjective phenomena, of Bonders^ aud Helmholtz^ on the various diop- 
tric features of the eye and the movements of the eyeballs, and of Wheat- 
stone on binocular vision, were of fmst importance; and to these, on the 
psychological side may be added the speculations of Berkeley^ It neM 
hfl^y be said that in his Physiological Optics Helmholtz has treated the 
whole subject in such a complete and masterly way as to make it almost 
entirely his own. In both sight and hearing, and indeed in the senses 
in general, we owe much to Johannes Mtiller®. The physiology of touch, 
and the relations obtaining in the senses in general between &e stimulus 
and the sensation, was largely advanced by the labours of Weber^ Lastly, 
the researches of Helmholtz^ on musical sounds mark an epoch in the 
history of the physiology of hearing. 

1 Phil, Tram, 1801. 

> Beohacht, u. Versuch, zur Physiol, d, Sinniy 1825, and other papers. 

* Numerous papers from 1846 onwards. 

^ Numerous papers, and Handbuch der Physiol, Optiky 1867. 

* Thiory of Vision, 1709. 

® Phys. d, Gesichtssinns, 1826, and Handb, der Physiol, 1836. 

7 De Aure, Ao. 1820. Wagner’s Handworterbuch, hxi, TasUinn, 

» Tonempjindungen, 1870. 



CHAPTEE V. 


THE SPINAL COED. 


Sec. 1. As a Cehtre op Eeplex Action. 

We have already discussed (Book i. Chap, ill.) the general features 
of reflex action, so that we can now confine ourselves to special points 
of particular interest. Since the frog and the mammal differ very 
markedly from each other in respect of their reflex spinal phenomena, 
it will be convenient to consider them separately. 

In the Frog. 

The salient feature of the ordinary reflex actions of the frog is 
their purposeful character, though every variety of movement may 
be witnessed, from a simple spasm to a most complex muscular 
mancBuvre. The nature of any movement called forth is determined ; 

1. By the nature of the afferent impulses. Simple nervous 
impulses generated by the direct stimulation of afferent nerve-fibres 
evoke os reflex movements merely irregular spasms in a few muscles ; 
whereas the more complicated differentiated sensory impulses gene- 
rated by the application of the stimulus to the skin, give rise to large 
and purposeful movements. It is much more easy to produce a reflex 
action by a slight pressure on the skin than by even strong induction- 
shocks applied directly to a nerve-trunk. If, in a brainless frog, the 
area of skin supplied hy one of the dorsal cutaneous nerves be sepa- 
rated by section from the rest of the skin of the back, the nerve 
being left attached to the piece of skin and carefully protected from 
injury, it will be found that slight stimuli applied to the surface of 
the piece of skin easily evoke reflex actions, whereas the trunk of the 
nerve may be stimulated with even strong currents without producing 
anything more than irregular movements. 

In ordinary mechanical and chemical stimulation of the skin it is 
a series of impulses and not a single impulse which passes upwards 
along the sensory nerve, the changes in which may be compared to 
the changes in a motor nerve during tetanus. In every reflex action, 
in fact, the central mechanism may be looked upon as being thrown 
into activity through a summation of the afferent impulses reaching 
it*. 


^ Ot Stirlii^ Ludwig’s Jrbeiten, 1874. 
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When a muscle is thrown into contraction in a reflex action, 
the note which it gives forth does not vary with the stimulus, but is 
constant, being the same as that given forth by a muscle thrown 
into contraction by the will. From which we infer that in a reflex 
action the afferent impulses do not simply pass through the centre 
in the same way that they pass along afferent nerves, but are 
profoundly modified. And this explains why a reflex action takes 
always a considerable time, and frequently a very long time, for its 
development. When the toes of a brainless frog are dipped in dilute 
sulphuric acid, several seconds may elapse before the feet are with- 
drawn. Making every allowance for the time needed for the acid 
to develope sensory impulses in the peripheral endings of the afferent 
nerve, a very large fraction of the period must be taken up by the 
molecular actions going on in the nerve-cells. In other words, the 
interval between the advent at the central organ of afferent, and the 
exit from it of efferent impulses, is a busy time for the nerve-cells 
of that organ; during it many processes, of which at present we 
know little or nothing, are being carried on. 

2. By the intensity of the stimulus. We have already pointed out 
(p, 90) that while the effects of a weak stimulus are limited to a few, 
those of a strong stimulus may spread to many efferent nerves. 
Granting that any particular afferent nerve is more particularly as- 
sociated with certain efferent nerves than with any ot^rs, so that the 
reflex impulses generated by impulses entering the coii by the former, 
pass with the least resistance down the latter, we must evidently 
admit further that other efferent nerves must also, though less directly, 
be connected with the same afferent nerve, the passage into the 
second efferent nerve meeting with an increased but not insuperable 
resistance. When a frog is poisoned with strychnia, a slight touch 
on any part of the skin may cause convulsions of the whole body ; 
that is to say, the afferent impulses passing along any single afferent 
nerve may give rise to the discharge of efferent impulses along any or 
all of the efferent nerves. This proves that a physiological if not an 
anatomical continuity obtains between all the nerve-cells of the spinal 
cord which are concerned in reflex action, that the nerve-cells with 
their processes form a functionally continuous protoplasmic network. 
This network however is marked out into tracts presenting greater or 
less resistance to the progress of the impulses into which afferent 
impulses, coming from this or that afferent nerve, are transformed on 
their advent at the network ; and accordingly the path of any series 
of impulses in the network will be determined largely by the energy 
of the afferent impulses. And the action of strychnia is most easily 
explained by supposing that it reduces and equalises the normal 
resistance of this network, so that even weak impulses travel over 
all its tracks with great ease. 

3. By the locality where the stimulus is applied. Pinching the 
folds of skin surrounding the anus of the frog produces different 
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eflTects from those witnessed when the flank or toe is pinched ; and, 
speaking generally, the stimulation of a particular spot calls forth 
particular movements. From this we may infer that the proto- 
plasmic network spoken of above is, so to speak, mapped out into 
ndirvous mechanisms by the establishment of lines of greater or less 
resistance, so that the disturbances in it generated by certain afferent 
impulses are directed into certain efferent channels. But the arrange- 
ment of these mechanisms is not a fixed and rigid one. We cannot 
predict exactly the nature of the movement which will result from 
the stimulation of any particular spot. Moreover, under a change of 
circumstances a movement quite different from the normal one may 
make its appearance. Thus when a drop of acid is placed on the 
right flank of a frog, the right foot is almost invariably used to rub off 
the acid ; in this there appears nothing more than a mere ‘mechanical’ 
reflex action. If however the right leg be cut off, or the right foot be 
otherwise hindered from rubbing off the acid, the left foot is, under 
the exceptional circumstances, used for the purpose. This at first 
sight looks like an intelligent choice. A choice it evidently is ; dnd 
were there many instances of similar choice, and wore there any 
evidence of a variable automatism, like that of a conscious volition, 
being manifested by the spinal cord of the frog, we should be justified 
in supposing that the choice was determined by an intelligence. It 
is however, on the other hand, quite possible to suppose that the 
lines of resistance in the spinal protoplasm are so arranged as to 
admit of an alternative action ; and seeing how few and simple are the 
apparent instances of choice witnessed in a brainless frog, and how 
absolutely devoid of spontaneity or irregular automatism is the spinal 
cord of the frog, this seems the more probable view*. 

It may be remarked that two entirely different questions are started by 
this exhibition of choice; the one is whether the spinal cord of the frog 
possesses intelligence, the other is whether it possesses consciousness ; and 
care must be taken to keep the two questions apart. Intelligence in the 
ordinary meaning of that wortl undoubtedly presupposes consciousness ; but 
we are not at liberty to say that consciousness may not exist without 
intelligence. It is quite possible to conceive of the simplest and most 
mechanical reflex action being accompanied by consciousness; the coexist- 
ence of the consciousness being merely an adjunct to, and in no appreciable 
way modifying the mechanical elaboration of, the act. On the other hand, 
though it is possible to conceive of such a concomitant and appa/rently useless 
consciousness, and though if we admit an evolution of consciousness we 
must suppose such forms of consciousness to exist, yet inasmuch as our 
reason for believing in the possession of consciousness by any being is 
based on the similarity of the acts of that being with our own behaviour, 
we are precluded from distinctly predicating consciousness except in the 
cases where an intelligence similar to our own is maniiested. But the dis- 

^ Pfliiger, Die seneortiche Function dee RUekenmarket 1858. Sanders-Ezn, Ludwig's 
Arbeiten, 1867. Gergens, PflUger's Archiv, xni. (1876) p. 61. 
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CQjssion of this subject would lead us too far away from the object of the 
present book. 

It may be added that the movements evoked by even a segment 
of the cord may be purposeful in character ; hence wd must conclude 
that every segment of the protoplasmic network is mapped out into 
mechanisma 

4. By the condition of the cord. The action of strychnia just 
alluded to is an instance of an apparent augmentation of reflex action 
best explained by supposing that the resistances in the cord are 
lessened. There are probably however cases in which the explosive 
energy of the nerve-cells is positively increased above the normal. 
Conversely, by various influences of a depressing character, as by 
various anaesthetics, reflex action may be lessened or prevented ; and 
this a^ain may arise either from an increase of resistance, or from 
a diminished action of the nerve-cells themselves. In the mammal 
the condition of apnoea is antagonistic, not only to the convulsions 
proceeding from the convulsive centre in the medulla, but also to 
reflex actions arising in any part of the cord, such as those produced 
by stiychnia. 

Inhibition of Beflex Action. When the brain of a frog is re- 
moved, reflex actions are developed to a much greater degree than in 
the entire animal. We ourselves are conscious of being able by an 
effort of the will to stop reflex movements, such for instance as are 
induced by tickling. There must therefore be in the brain some 
mechanism or other for preventing the normal development of the 
spinal reflex actions. And we learn by experiment that stimulation 
of certain parts of the brain has a remarkable effect on reflux action. 
In a frog, from which the cerebral hemispheres only have been re- 
moved, ^e optic thalami, optic lobes, medulla oblongata and spinal 
cord being left intact, a certain average time will (see p. 472) be 
found to elapse between the dipping of the toe into very dilute 
sulphuric acid, and the resulting withdrawal of the foot. If, how- 
ever, the optic lobes or optic thalami be stimulated, as by putting 
a crystal of sodium chloride on them, it will be found on repeating 
the experiment while these structures are still under the influence 
of the stimulation, that the time intervening between the action of 
the acid on the toe and the withdrawal of the foot is very much 
prolonged. That is to say, the stimulation of the optic lobes has 
caused impulses to descend to the cord, which have tnere so inter- 
fered with the action of the nerve-cells engaged in reflex action as 
greatly to retard the generation of reflex impulses ; in other words, 
the stimulation of the optic lobes has inhibited the reflex action 
of the cord\ 

^ SetBohenow, XJeber die Hermaw^gmeehanimenfUr die BefUs^ihdUgleeit dee BiUchen- 
markif 1868. Setsobenow and Paschutin, Neue Yereuchet 1865. Herzen, Ea^, evr 
lee Centree mod€rateure de Vaction t^flexe, 1864. 
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We might infer from this that the increase of reflex action which 
appears after removal of the entire brain, is due to the absence of an 
inhibitory centre in the optic lobes, which in the entire frog is habi- 
tually restraining the reflex actions of the cord ; but at present we 
require more exact evidence on this point. 

If quinine^ be injected under the skin of the back of a frog from which 
the cerebral hemispheres have been removed but in which the optic lobes 
have been left intact, the period of incubation, if we may use the phrase, 
of reflex action will be similarly much prolonged. If after the retardation 
has become clearly developed, the optic lobes bo removed, the period of 
incubation rapidly returns to the normal. And if the quinine is similarly 
injected beneath the skin of a frog from which the optic lobes as well as the 
cerebral hemispheres have been removed, no such retardation makes its 
appearance. From this we may infer that the injection of the quinine 
inhibits the reflex actions of the spinal cord by stimulating an inhibitory 
mechanism in the optic lobes. It does not seem at present clear, however, 
whether the quinine acts directly and chemically on the optic lobes, or 
whether the acid solution of quinine generates in the skin under which it is 
injected afferent impulses which aflect the optic lol^es in a reflex manner. 
An attempt has been made to explain these results by supposing that the 
stimulation of the optic lobes does not bear directly on the cord, but 
inhibits the heart, and so by lessening the supply of blood diminishes the 
activity of the cord; the arguments, however, urged in support of this 
view are not conclusive. 

Langendorf* concludes that the inhibitory action of one side of the brain 
is exerted on the reflex actions of the opposite side of the body, the in- 
hibitory impulses crossing in the medulla oblongata. 

Such an effect is however not confined to the optic lobes. Sti- 
muli, if sufiiciently strong, applied to any afferent nerve will inhibit, 
i.e. will retard or even wholly prevent reflex action. If the toes of 
one leg are dipped into dilute sulphuric acid at a time when the sciatic 
of the other leg is being powerfully stimulated with an interrupted 
current, the period of incubation will be found to be much prolonged, 
and in some cases the reflex withdrawal of the foot will not take place 
at all. And this holds good, not only in the complete absence of the 
optic lobes and medulla oblongata, but also when only a portion of 
the spinal cord, sufficient to carry out the reflex action in the usual 
way, is left. There can be no question here of any specific inhibi- 
tory centres, such as are supposed to exist in the optic lobes. We 
have already seen that the action of such nervous centres, automatic 
or reflex, as the respiratory and vaso-motor centres, may be either 
inhibited or augmented by afferent impulses. The micturition- 
centre in the mammal may be easily inhibited by impulses passing 
downward to the lumbar cord from the brain, or upwards along the 
sciatic nerves. Goltz observed that in the case of the dog (see 
p. 328), micturition set up as a reflex act by simple pressure on 

1 Chapfiron, Pfltiger’s Arehiv, ii. (1869), p. 293. 

* Du ^is-Beyiuond*s Arehiv, 1877, p. 96. 
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the abdomen, or by sponging the anus, was at once stopped by 
sharply pinching the skin of the leg. And it is a matter of common 
experience that micturition may be suddenly checked by an emotion 
or other cerebral event. The erection centre in the lumbar cord is 
also susceptible of being inhibited by impulses reaching it from 
various sources. And though the reflex mechanism of croaking 
belongs to the optic lobes, and not to the spinal cord, this may be 
quoted in reference to the inhibition of reflex action, since the croak- 
ing which, in a frog deprived of its cerebral hemispheres, invariably 
follows the stroking of the flanks in a particular way, fails to appear 
if a sensory nerve such as the sciatic be powerfully stimulated at the 
same time. 

In fact, to put the matter in a general way, two sensory impulses arriv- 
ing at the same centre along different paths may interfere with each other, 
and so lessen each other’s influence in producing a reflex action, or other- 
wise modifying the action of the centre. We have seen, in treating of the 
senses, that two sensory impulses may, according to circumstances, unite in 
producing a sensation greater than that caused by either alone, or they may 
lessen each other’s influence, or they may have no effect on each other at all, 
each sensory impulse producing its effects quite independent of the other. 
We have moreover seen that the various automatic centres, whether spora- 
dic or belonging to the central nervous system, may in reference to any 
given afferent impulse be affected in the way of inhibitior Or of augmenta- 
tion, or may not be affected at all. Indeed we may say pibi^ably of any mass 
of active living protoplasm, whether automatic or reflex, whether concerned 
in consciousness or not, that it is so related to other parts of the body, that 
its activity may be dindnished or exalted or unaffected by events occurring 
in those parts. Whether inhibition or exaltation or indifference is in any 
given case predominant will depend on circumstances and arrangements, 
the nature of which we at present understand in a very imperfect manner. 
And the diflSiculties are increased rather than diminished by presupposing 
the existence of an unlimited number of inhibitory and augmenting fibres. 

It is worthy of notice that the inhibitory action of the optic lobes 
spoken of above, bears exclusively on the length of the period of incubation. 
We have no evidence that it diminishes the minimum intensity of stimula- 
tion required to produce a reflex action. On the other hand, the augment- 
ing effect of strychnia is said to produce no change in the period of incuba- 
tion ; when a frog is poisoned with strychnia the reflex movements caused 
by a very slight stimulus may be very great, but the period of incubation 
may be ^e same as that of a frog in a normal condition. 


In the Mammal. 

In proportion as the more complex cerebral activities are de- 
veloped, the need of an extensive spinal reflex activity becomes less 
and less. Hence we And that in the mammal the movements which 
are executed by the spinal cord as parts of reflex actions, are much 
more limited in nature, and their purposeful character is much less 
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evident than in the frog. Goltz and Freusberg' found that in the dog 
the reflex movements of the hind limbs executed by the lumbar cord, 
isolated by section from the rest of the cord, though they were to a 
certain extent coordinated, manifested but little purpose. Most of the 
reflex movements witnessed in a mammal as the result of an occasional 
stimulus are of an irregular disorderly kind. There is much greater 
resistance in the cord to the propagation of stray impulses, the ground 
is preoccupied by established tracts leading between the brain and 
the afferent and efferent nerves. It is chiefly such reflex actions as 
are continually being repeated, and thus form part of the ordinary 
labour of the cord, that exhibit a clear purpose. 

Vicarious reflex movements may also be witnessed in mammals, 
though not to such a striking extent as in frogs. In dogs, in which 
partial removal of the cerebral hemispheres has apparently heightened 
the reflex excitability of the spinal cord, the remarkable scratching 
movements of the hind leg which are called forth by stimulating 
particular spots on the side of the body, are executed by the leg of 
the opposite side, when the leg of the same side is, even without any 
great force being applied, prevented from carrying them out*. Here 
too the absence of a truly purposeful character of the movements is 
very marked, and the phenomena afford a strong support to the 
" mechanical ’ explanation of the more complicated behaviour of the 
frog. 

According to Owsjannikow®, if in the rabbit the spinal cord be divided 
at the calamus scriptorius, a moderate stimulus applied to the hind foot 
causes movements in one or other or both hind legs, but none in the fore 
legs, and a stimulation of the fore foot causes movements in the fore but 
not in the hind legs; whereas if a zone of nervous tissue only 6 to 5 mm. 
in height be left above the calamus scriptorius, stimulation of either foot 
may produce a movement in any part of the body. This would seem 
to shew that the mechanisms co-ordinating the movements of the fore 
limbs with those of the hind limbs, which in the frog are scattered 
over the whole spinal cord, are in the mammal gathered into the medulla 
oblongata. The region referred to above lies, it may be remarked, near 
to the ‘convulsive centre* (see p. 302). Woroschiloff^ has observed that 
in the rabbit direct stimulation with an interrupted current of the cervical 
cord, down as far as the origin of the sixth cervical nerve, causes co^rdi 
nated rhythmic springing movements of the body, whereas when the same 
stimulus is applied to lower regions of the cord, a rigid tetanus results ; 
this too indicates the existence in the cervical cord of peculiar co-ordinating 
mechanisms. 

Muscular movements, as parts of a reflex action, may occur on 
stimulation of not only the ordinary spinal and cranial sensory 

1 Pflttger^s Archi% vin. (1874) p. 460, ix. (1874) p. 868. 

» Gergens, Pfliiger’s Arckiv, xiv. (1877) p. 840. 

> Ludwig’s Arbeiten, 1874, p. 808. 

* Ludwig’s Arbeiten, 1874, p. 99. 
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nerves, but also of the nerves of special sense. A sound or a flash of 
light readily produces a start, a bright light causes many persons to 
sneeze, and reflex movements may even result from a taste or smell. 


The Time required for Beflex Actions. 

When we stimulate one of our eyelids with a sharp electrical shock, both 
eyelids blink. Hence, if the length of time intervening between the stimu- 
lation of the right eyelid and the movement of the left eyelid be carefully 
measured, this will give the time required for the development of a reflex 
action. Exner' found this to be from *0662 to *0578 sec., being less for 
the stronger stimulus. Deducting from these figures the time required 
for the passage of afferent and efferent impulses along the fifth and facial 
nerves to and from the medulla, and for the latent period of the muscular 
contraction of the orbicularis, there would remain ‘0555 to *0471 sec. 
for the time consumed in the central operations of the reflex act. The 
calculations, however, necessary for this reduction, it need not be said, 
are open to sources of error. Exner found that when he used a visual 
stimulus, viz. a flash of light, the time was not only exceedingly prolonged, 
•2168 sec., but very vanable. 

The time required for any reflex act varies, according to Rosenthal*, 
very considerably with the strength of the stimulus employed, being 
less for the stronger stimuli, is greater in transverse than in longitudinal 
conduction, and is much increased by exhaustion of the oprd. It has been 
stated that the central processes of a reflex action art propagated in the 
frog at the rate of about 8 metres a second; but this value cannot be 
depended on. The time thus occupied by purely reflex actions must not be 
confounded with the interval required for ment^ operations ; of the latter 
we shall speak presently. 


Sec. 2. As a Centre or Group of Centres of Automatic 

Action. 

Irregular automatism, i.e. a spontaneity comparable to our own 
volition, is wholly absent from the spinal cord. A brainless frog 
placed in a condition of complete equilibrium in which no stimulus is 
brought to bear on it, remains perfectly motionless till it dies. 

Of the various regular automatic centres, both the numerous ones 
in the medulla oblongata, such as the vaso-motor, respiratory, &c., and 
the more sparse ones in other regions of the cord, such as those con- 
nected with micturition (p. 328), defsecation (p. 234), erection, parturi- 
tion, and so on, we have treated or shall have to treat of them so 
fully in reference to their respective mechanisms, and discussed how 
far they are purely automatic, or in reality merely reflex in nature, 
that nothing more need be said here, 

1 Pfluger’s ArchiVf vin. (1874) p, 526. 

’ Monat$herieht d, Berlin, Acad. 1878, p. 104. See also Sitmngibericht d, phy$. 
med. Oet, Erlanyen, 1875, and Wundt, Meckanik der Nerven, Ab&. zi, (1876). 
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The connection between the spinal cord and the automatic move- 
ments of the lymph hearts of the frog has also (p. 89) been briefly 
referred to, Volkmann^ was the first to observe that the destruction of 
even a small portion of special regions of the spinal cord puts an end to 
the pulsations of these organs, the region or centre for the anterior pair 
of*hearts being opposite the third vertebra, and that for the posterior 
pair being opposite the seventh vertebra. Eckhard* however observed 
that the pulsations, though ceasing upon the destruction of the regions of 
the spinal cord above mentioned, after a while returned; still the pulsations 
thus independent of the spinal cord differed in character, from being more 
partial and irregular than those witnessed when the spinal cord was intact. 
Goltz® Isaw the pulsations return in about three weeks after they had been 
stopped by section of the tenth (coccygeal) spinal nerve, though no re- 
generation of the nervous tract had taken place ; and he states that with 
care the hearts may then be wholly removed from the body without arrest- 
ing their pulsations. Waldcyer‘‘ though he described ganglionic cells in 
the neighbourhood of the hearts, found the return of pulsations after 
division of the coccygeal nerve or destruction of the spinal cord too in- 
constant to prove their independence of the spinal cord, and Hcidenhain * 
arrived at a similar conclusion. The views expressed at p. 1G8 concerning 
the relations of peripheral and spinal vaso-motor centres may fairly be 
applied to these lymph hearts. 

Stimulation of the coccygeal nerves with the interrupted current 
brings about a tetanic systole of the posterior lymph hearts, but stimu- 
lation with a strong constant current causes a stand-still in diastole®. 
Goltz^ found that the lymph hearts might like the blood heart be in- 
liibited, and brought to a diastolic stand-still in a reflex manner by 
striking sharply the ex 2 )osed intestines, and that they might also be 
similarly inhibited by 2 )inching the auricles of the blood heart; the 
centre of this reflex inhibition appeared to be in the medulla and the 
afferent impulses to pass along the vagus. Suslowa® traced these afferent 
inhibitory im 2 )ul 8 es from the intestine through the rami communicantea. 
He found that after destruction of all the posterior sensory sjunal roots, 
the lymph hearts remained in a (diastolic) still-stand, which however 
gave place to a return of pulsatile activity as soon as the rami com- 
municantes were also divided, the experiment in his opinion indicating that 
the inhibitoiy impulses passing along the latter channel from the intestine 
are of a tonic character. Suslowa also found that stimulation of a trans- 
verse section of the optic thalami or optic lobes produced a diastolic stand- 
still of the lymph hearts, whereas stimulation of a transverse section of the 
spinal cord itself increased their activity, that the inhibitory centres of 
Setschenow in fact govern also the lymph hearts. Priestley ® has in the 
main corroborated Suslowa’s results. 

1 Miiller^s Archiv, 1844, p. 419. 

* Z«. /. rat, Med, viii, p. 34. and Earn, Phys, Nero, System, (1866) p. 269. 

« Cbl.f, Med, Wise, 3868, p. 497. 

^ Stud, Brest, Inst, m, 71, 

6 Disquisitiones de nervis organisque centralihus cordis cordiumve, 1864. 

^ Eokhard, loc, cit, Waldeyer, loc, eit, 

r Chl,f, Med, Wiss, 1863, p. 17 and 497; 1864, p. 690. 

8 Cbl, /. Med, Wise, 1867, p. 888. Zt. f, rat, Med. 81 (1868), p. 224. 

8 Studies from Phys. Lah. Owens College, 1877, Preface. 
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It has been maintained that the spinal cord exercises over the 
skeletal muscles a tonic action comparable to that of the vaso-motor 
centre over the smooth muscles of the arteries. There is, however, 
no adequate support to this view. When a muscle is cut across in 
the living body, the section gapes, because all the muscles of the 
body are slightly stretched beyond their normal length. When one 
side of the face is paralysed the mouth is drawn to the opposite side, 
not because the paralysed muscles have lost their tone, but because 
there are on the paralysed side no contractions to antagonise the 
effect of the continually repeated contractions of the sound side. And 
the view is distinctly disproved by the fact that when in the living 
body the nerve going to a muscle is cut no permanent lengthening of 
the muscle is caused. After the sciatic plexus of one leg of a brain- 
less frog has been cut, that leg hangs down more helplessly than the 
other when the animal is suspended. This might at first sight be 
considered as the result of loss of tone ; but the same flaccidity is 
observed in a leg in which the posterior roots only of the sciatic 
plexus have been divided. The difference between the leg of the one 
side and that of the other in these cases is that the sound leg is 
rather more flexed than the other ; and evidently this slight flexion, 
since it disappears on section of the posterior roots, is the result of a 
reflex and not of an automatic action. 


Sec. 3. As A Conductob of Afferent and Efferent Impulses. 

When we move our foot, or feel something touching our foot, 
efferent or afferent impulses must evidently pass along the whole 
length of the spinal cord on their way from and to the brain. We 
might suppose that in such cases sensory impulses are conveyed 
straight along a fibre from the periphery to the sensorium, and vo- 
litional impulses straight along a fibre from the organ of the will to 
the muscular fibre. Or we might suppose that the conduction is 
not simple, but carried out by a more or less complicated system of 
relays. Both anatomical and physiological considerations shew that 
the latter view is the correct one. 

The phenomena of reflex action have shewn us that the cord con- 
tains a number of more or less complicated mechanisms more or less 
capable of producing, as reflex results, co-ordinated movements alto- 
gether similar to those which are called forth by the will. Now it 
must be an economy to the body, that the will should make use of 
these mechanisms already present, by acting directly on their centres, 
rather than it should have recourse to a special apparatus of its own of 
a similar kind. And from an anatomical point of view, it is clear that 
the white matter of the upper cervical cord does not contain a suffi- 
cient number of fibres, even of attenuated dimensions, to connect the 
brain, by afferent or efferent ties, with every sensory or motor nerve- 
ending of the trunk and limbs. 
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Regarded in a genetic aspect, the spinal cord is a series of cemented 
segments, having mutual relations one with the other, and all being 
governed by the dominant cerebral segments. And we might fairly expect 
to find that in each segment of the cord part of the structures are purely 
segmental, and serve as a nervous centre for the afferent and efferent 
neftves corresponding to a portion of the body, while part are commissural 
structures connecting the segment with other segments, and the remainder 
are structures connecting the governed segment with the governing cere- 
bral organs. Some such arrangement as this is indicated by the directions 
taken by the fibres of the roots of the spinal nerve ; and the view is sup- 
ported by the results gained by comparing sections of the spinal cord taken 
at different points of its length. If a curve be constructed representing the 
sectional area of the nerve roots entering the spinal cord, at their respec- 
tive points, along its whole length from the first cervical to the last sacral 
nerve, some such form as tliat shewn in Fig. 54 would be obtained. If 
instead of the sectional area of each pair of roots the continued summation 
of the roots were used to construct the curve, the form would be that of 
Fig. 55. If the variations of the sectional area of the grey matter at 
different points of its length were thrown into a curve, the form would be 
that of Fig. 56. If the variations of the sectional ai-ea of the lateral 
columns were taken, the curve would take the form of Fig. 57. The 
anterior columns similarly treated would give Fig. 58, and the posterior 
Fig. 59. A comparison of these several figures suggests the view that 
the grey matter of the cord is preeminently segmental, falling and rising 
os it does with the amount of nerve-fibre passing into each part of the 
cord, and that the lateral columns, increasing as they do from below up- 
ward, much more steadily than either the grey matter or the anterior and 
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Fia. 54. Diagbam shewing the relative sectional areas op the Spinal Nerves, 
AS they join the Spinal Cord, 

(To be read from left to right.) 

In this and the succeeding figures taken from Woroschiloff’a paper in Ludwig’s 
Arheiten 1874, and constructed from Stilling’s data of the human spinal cord, the 
cervical,’ dorsal, lumbar, and sacral nerves are used as abscissae; 3 mm. to the m- 
terval between each two nerve-roots. The ordinates are in millimetres, each mm. 
corresponding to a square unit of surface of nerve-root-section, of grey substance, or of 
white substance. 



Via 66 . DUGRAM shewing the united sectional areas op the SpIN^ NpVES, 
PROCEEDING FROM BELOW UPWARDS. The ordinates in this figure are smaller than m 
the preceding. 


F. P. 
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Fia. 57* Buobam sHXwiKa the tabutionb in the sectional abea of the latebal 

COLUMNS OF THE SfINAL CoBO, ALONG ITS LEHT’ljH. 



Fio, 58. Buobam shewing the variations in the sectional area op the anterior 

COLUMNS OF THE BpINAL CoBP, ALONG 1TB LENGTH. 


1 
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FlO. 59. BuGBAM shewing the variations in the sectional abea OF THE POSTERIOR 

COLUMNS OF THE SpINAL ,CoBD, ALONG ITS LENGTH. 


posterior columns, are the chief means by which the brain is brought into 
connection with the several segments of the cord, and thus with the nerves 
of the body at large. 
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^ Our information concerning the conduction of impulses along the 
spinal cord is derived partly from experiment and partly from patho- 
logical observation. Both these methods have their advantages and 
disadvantages. In experiments there is danger of confounding the 
inHnediate and temporary effects of the operation, such as those pro- 
duced by shock, with the more real and lasting effects. It is difficult 
too in such cases to determine the existence of sensations, and to dis- 
tinguish between reflex and purely voluntary movements. In patho- 
logical cases we have the advantage of being able clearly to define 
sensation and volition, but this is frequently more than counter- 
balanced by the diffuse nature of the injury or disease, and the want 
of exact anatomical verification. When these facts are borne in 
mind, it will easily be understood that in no part of physiology are 
the statements of investigators more conflicting and unsatisfactory. 

According to the views of Brow n-S^quard, and those who follow him , 
transverse division of the lateral half of the cord is followed on the 
same side, below the injury, by loss of voluntary movement, accom- 
panied, not by loss of sensation, but by hyperaesthesia, and on the 
opposite side by loss of sensation without any affection of voluntary 
movement ; whereas a longitudinal median incision through the cord 
causes on both sides loss of sensation in an area corresponding to the 
length of the incision, without any impairment of voluntary movement. 
That is to say, sensory impulses entering into the cord at its pos- 
terior root immediately cross to the other side of the cord and so 
ascend to the brain, whereas efferent impulses of volition, though 
they cross in the region of the medulla oblongata or higher up (and 
hence in cases of paralysis from cerebral mischief, the right side loses 
the power of voluntary movement when the left hemisphere is affected, 
and vice versa), keep to the same side of the cord along its whole 
length. The paths may be more accurately defined by stating that the 
sensory impulses pass from the posterior roots along a certain length 
of the posterior columns, and then cross over to the grey matter of 
the opposite side, in which they ascend to the brain, while volitional 
impulses, having crossed in the pons Varolii and medulla oblongata 
before their entrance into the cord, descend in the antero-lateral 
columns, keeping to the same side throughout, and leave the cord by 
the anterior roots. According to VulpianS the volitional impulses 
are confined in the cervical region to the lateral columns, though in 
the dorsal and lumbar regions they travel in the anterior columns as 
well, and the decussation is not confined to or completed in the 
region of the medulla, but is continued some way down ; and simi- 
larly the decussation of the sensory impulses is not sudden but gra- 
dual, so that section of a lateral hsJf of the cord affects sensation on 
both sides, though most on the opposite side. 

Schiff, and others with him, make a distinction between the con- 
duction of distinct tactile sensations and that of general sensibility, 

^ Syst. Nerv. Le?. xvii. 
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as well as between the conduction of volitional impulses and that of 
impulses merely forming part of a reflex action. They hold that purely 
volitional impulses pass exclusively along the antero-lateral columns, 
and purely tactile sensations along the posterior columns of the same 
side, and that the grey matter is capable of transmitting in all di- 
rections such aflerent impulses as only give rise to affections of 
general sensibility, and such efferent impulses as are parts of reflex 
actions. Hence, according to them, when at any part of the cord the 
continuity of the white matter is wholly broken, so that the parts above 
the injury are connected with those below by grey matter only, tactile 
sensations and voluntary movements are entirely absent in the parts 
below the injury, though violent stimulation of those parts will give 
rise to pain, and reflex actions in them may be induced by stimuli 
applied to parts above the injury. Conversely, when at any point 
the grey matter is destroyed but the white left intact, voluntary 
movements and tactile sensations remain in the parts below the 
injuiy, though even violent stimuli applied to those parts give rise 
to no pain, and reflex actions cannot be induced in them by stimuli 
applied to the parts above the seat of injury. 

Schiff * states that when in any part of the cord the posterior columns 
only are lefl^ all the rest of the white and the grey matter being removed, 
tactile sensations remain though no pain is felt ; there is analgesia but no 
anaesthesia ; a rabbit thus operated on is readily awaked . If a moment from 
sleep (artificially induced by bleeding) when the hind limbs, or parts below 
the seat of injuiy, are even lightly touched, but exhibits no sign of pain 
when the nerves are laid bare and pinched, or when needles are driven 
throu^ the skin. This experiment however, on which Schiff* rests his 
theory of analgesia, does not prove the existence of tactile sensations ; it 
simply shews that a peculiar condition may be brought about in which 
a sensory impulse produces a maximum initial result and then ceases to 
have any effect. The animal moved at every iresh stimulus, whether slight 
or strong, whether applied to the skin or to a bare nerve, but after the 
first explosion the centi*al organs concerned in the matter, whatever they 
were, apj>eared to be exhausted. The condition is certainly a remarkable 
one, and may bear many inteipretations. 

To make these views logically complete, we must suppose that 
after section of a lateral half of the cord, tactile sensations and 
voluntary movements would be entirely lost on the same side below 
the seat of injury, but that pain would still be felt, and the parts 
would still be capable of being thrown into movements by reflex 
action. 

Such are the two chief opinions held on this subject, and it must be 
confessed that neither is satisfactory. Much confusion has probably 
arisen from different kinds of animals being used, and different parts of 
the cord operated on, and from the want of a searching microscopic 
examination of the results of the various operations. These objections 

^ Lehrb. p. 251. 
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cannot be urged against the inquiries of Miesoher' and Woroschiloff *, in so 
far as their experiments were all conducted on rabbits, and on the same 
dorsal part of the cord. Miescher found the afferent impulses which, 
starting from the sciatic nerve and travelling up to the medullary vaso- 
motor centre, caused a rise in blood-pressure by acting on that centre, 
passed almost exclusively by the lateral columns. When one lateral 
column was divided, stimulation of either sciatic produced much less 
than the normal effect ; when both columns were ^vided, no effect at 
all was produced. When only the lateral columns were left, the other 
parts being destroyed, the vaso-motor influences of the sciatic stimula- 
tion appeared to be quite normal. From which it would appear that 
afferent impulses, such as affect the vaso-motor centre, pass from one sciatic 
up hoUi lateral columns ; and Miescher came to the conclusion that they 
passed more on the opposite than on the same side. He also thought that 
impulses coming from more distant parts travelled more to the outside 
of the columns than those from nearer parts. It need hardly be urged that 
one set of experiments of this kind, the result of which can be definitely 
stated in millimetres of mercury, as measurements of the rise of blood- 
pressure, are worth a score of others, in which trust has to be placed in 
variable and illusory signs of sensation. On the other hand, it is obvious 
that the path of the afferent impulses which affect the vaso-motor centre 
might be quite different from that of the afferent impulses giving rise to 
sensations. Woroschiloff however has repeated Miescheris experiments, 
using the ordinary signs of sensation instead of blood-pressure, and come to 
the conclusion that both the afferent impulses, which, starting in the hind 
limbs, give rise, either by developing into sensations or by originating reflex 
actions, to movements in the head and fore limbs, and the efferent impulses, 
which, starting in the brain or upper part of the spinal cord, either by 
volition or as the result of stimulation, produce movements in the hind 
limbs, pass also exclusively through the lateral columns. The course of the 
afferent impulses differs however from that of the efferent impulses, in so 
far that the former cross over largely from one side of the cord to the 
other, while the latter, though they also cross, do so to a small extent only. 
The results of both these inquirers then lead to the conclusion, that in the 
dorsal spinal cord of the rabbit the lateral columns form the chief bridge 
between the fore and hind part of the body for the conduction of impulses 
of all kinds. 

We must of course be cautious in inferring that what has been found 
to be true of the dorsal cord is also true of other parts of the cord ; still 
the experimental results just described, when compared with the anatomical 
facts mentioned at p. 481, with which they wonderfully agree, enable us 
perhaps, to a certain extent, to interpret the observations of others in some 
such way as follows. In the first place, if there be any truth in our in- 
terpretation of the phenomena of strychnia poisoning, the grey matter must 
be physiologically continuous, and a stimulus of sufficimt atrengtlh may 
cause impulses to travel in every direction along its whole length. In the 
second place, this protoplasmic network is marked out by barriers of resist- 
ance into nervous mechanisms for the carrying out of coordinated muscular 
movements and for the association of afferent impulses with these move- 
ments. In the frog these nervous mechanisms must be many and com- 

I Ludwig’s Arbeiten, 1870, p. 172. » Ibid. 1874, p. 99. 
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idete ; in the marntnal, tboagh they ere fewer and letm perfect^ they exist, 
sinoe the reSw reovemente of the mammal, though lees pnrposefol than 
thoee of the firogy are etUl ooordmated movements. If we supMse, m we 
have already nxged, that volitiaa makes nse of these alroMy existing 
mechanisms inst^ of requiring separate egoadinating mechanisms in many 
respects exactly like them, we should expect to find that a volitional ife^ 
puke, tending towards any movement, in descending from the brain, passes 
into the grey matter of the cord, at the spot where the appropriate 
mechanism exists, before it emerges in the anterior root ; and conversely, 
that an afferent impulse passes first into the mechanism, with which it 
is naturally associate for the production of the frequently occurring reflex 
action, before it travels up to the brain by some tract more direct than 
the grey matter. And we should look also for similar arrangements con- 
necting any group of nerves, not only with the brain, but with distant 
parts of the cord. In harmony with these functional requirements we 
should be prepared to find that the entrance of any large gi*oup of nerves 
into the spinal cord was associated with a large development of grey matter 
for the local coordinating mechanisms, and with a corresponding increase 
of certain parts of the white matter, which brought these mechanisms into 
connection with both the afferent and efferent nerves j but that the longi- 
tudinal connecting tracts of white matter would steadily increase from 
below upwards, inasmuch as a larger and larger number of mechanisms had 
to be connected with the brain, though the increase would not be so rapid 
or uniform as that of the united sectional areas of the nerves, since some 
part of these connecting tracts would serve to connect dipt int parts of the 
spinal cord itself. In other words, we should anticipate some such an 
anatomical variation of the cord, as we actually do find to be the case ; the 
grey matter vaiying directly in proportion to the neives entering into it 
(Figs. 54, 56), and the anterior and posterior columns following the grey 
matter very closely (Figs. 58, 59), while the lateral columns (Fig. 57), 
though not exactly parallel to the united sectional areas of the nerves 
(Fig. 55), steadily increase from below upwards. 

In an ordinary state of things, with the cord quite intact, we should 
expect to find that both voluntary and sensory impulses spread into the 
grey matter as little as was consistent with their due propagation, and that 
they passed chiefly along their own side ; but we can also readily imagine 
that when the ordinary tracts were interfered with, as after section of the 
white matter, powerful impukes (and these would naturally be sensory 
ones, since the generation of sensory but not of volitional impulses is in 
the hands of the experimenter, and moi*eover is of almost unlimited range) 
might spread in many directions over the grey matter. Such errant im- 
pukes would of necessity, when they reach^ the conscious centre, appear 
not as tactile, but simply as diffused, unlocalized, painful sensations. Hence 
it would be said that the grey matter conveyed the sensory impukes, not of 
touch, but of pain. 

Moreover we must bear in mind that the barriers of resistance in the 
protoplasm of the grey matter are not wholly, even if largely structural. 
We have seen that the whole cord may be inhibited in reference to reflex 
action. This total inhibition is probably made up of individual inhibitions ; 
and in studying the effects of section or injuty of the spinal cord we must 
bear in mind that the change caused by the operation most probably affects 
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the transmission of impulses, not only negatively by breaking down ao 
oustomed tracts, but also positively by altering the action of inhibitory im- 
pulses. We have a clear instance of this in the remarkable hypereesthesia 
which is a constant effect of a lateral section of the cord. Since it appears 
immediately after the operation, it cannot be due to any inflammatory pro- 
oeSs. Nor can it be explained as simply the result of the increased supply 
of blood to the peripheral terminations of the sensory nerves, caused by the 
section involving vaso-motor tracts; since the simple section of a vaso- 
motor tract, as when the cervical sympathetic is divided, does not give rise 
to hypersesthesia. Nor can we explain it as due to a one-sided hyper- 
hsemia of the spinal cord itself, for we have no evidence that such a state 
of things is brought about. Since it lasts for a very considerable time 
it cannot bo due to any passing exciting effect of the operation. In 
the frog, after hemisection of the cord below the brachial plexus, this 
hypewesthesia is manifested by increased reflex movements occurring in the 
lower limbs as well as in the uppor when the lower limbs are stimulated ; 
and when the hemisection is converted into a complete section an hyperses- 
thesia still remains in both lower limbs, but it is then spoken of simply 
as increased reflex action, due to the isolation of the lower cord from an 
inhibitory centre placed higher up. In the rabbit, according to Woroschiloff, 
hypersesthesia, after hemisection of the dorsal cord, manifests itself, not so 
much in increased reflex actions in the lower limbs as in increased move- 
ments of the upper part of the body when a stimulus is applied to the 
lower limbs. This may bo interpreted as indicating that in the rabbit 
the hemisection removes inhibitory influences which previously were 
checking not so much the so to speak direct reflex conversion of afferent 
into efferent impulses, as the propagation of the afferent impulses to 
higher parts of the spinal cord and so upwards to the brain. We have 
already insisted on the probable complexity of the central processes in- 
volved in a reflex action of even the simplest kind. And of the long 
chain of molecular events intervening in the central (reflex) mechanism 
between the advent of the simple afferent impulse and the issue of the 
simple efferent impulses, we may, without too great a presumption, suppose 
that those on the so to speak afferent side of the chain might be affected by 
extrinsic (inhibitory or other) influences more than those on the efferent 
side or than those more central ; and vice versa. Hence, adopting the view 
already urged, that the central mechanisms which serve for reflex actions 
are also the instruments of the higher cerebral operations, the afferent side 
of the mechanism being more especially connected with sensation, and the 
efferent with volition, we see the possibility of the removal of certain in- 
hibitory influences manifesting itself especially as an apparent increase of 
sensibility. And this naturally wcmld occur more readily in the rabbit, 
where the simpler reflex actions of the cord are so largely subordinated 
to the operations of the brain, than in the frog, where they still retain 
so much of their primitive independence. When the section passes through 
the whole cord instead of half, the absence of inhibition can of course only 
be shewn by increased reflex action in both cases. When these obscure 
inhibitory mechanisms have been more completely worked out, many of 
the at present discordant results of operations and injuries will probably bo 
explained away. 

Much discussion has arisen on the question whether the spinal 
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cord can be excited by stimuli applied directly to it Undoubtedly, 
the cord, as a whole, is irritable; if two electrodes be plunged into 
it and a current sent through the intervening tissue, muscular move- 
ments, arterial constriction, and other results, follow. But in such a 
case, the current falls into nerve-roots, which are as irritable, at least, 
as the nerve-trunks, Schiff and Van Been maintain that the grey 
matter of the cord, though it will convey both motor and sensory 
impulses, cannot originate them. They speak of it accordingly as 
kinesodic and cesthesodic, as simply affording paths for motor and 
sensoiy impulses. Judging the matter d priori, it might be imagined 
that the molecular constitution of a nerve-cell as distinguished from a 
nerve-fibre is of such a kind that, though natural impulses pass through 
its protoplasm in a perfectly orderly manner, the direct application 
of an artificial stimulus, which, whether mechanical or electrical, 
must of necessity be gross in nature and rough, would produce not a 
series of definite impulse-waves, but rather a confused disturbance, a 
broken mass of waves, whose interference with each other hindered 
the propagation of any of them. But as a matter of fact, Miescher^ 
found that after he had removed the posterior columns for a certain 
distance, so as to get rid of all aflFerent nerve-fibres, the grey matter 
of the stump, as tested by the effects on blood-pressure, still remained 
sensitive, especially to mechanical stimulatiop. Fick and Engelken“ 
also found the anterior columns irritable when tested |*vith an elec- 
trical stimulus. 

^ Op. eiU 

* Bu Boi8-BeymoDd*s Archiv, 1867, p. 198. Pfltiger’s Archiv, ii. (1869), p. 414. 
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Sec. 1. On the Phenomena exhibited by an Animal deprived 
OF its Cerebral Hemispheres. 

A FROG from which the cerebral lobes have been removed, the optic 
lobes being left behind, seems to possess no volition. The apparently 
spontaneous movements which it executes are so few and seldom that 
it is much more rational to attribute those which do occur to the 
action of some stimulus which has escaped observation, than to sup- 
pose that they are the products of a will acting only at long intervals 
and in a feeble manner. 

By the application liowever of appropriate stimuli, such an animal 
can be induced to perform all the movements which an entire frog 
is capable of executing. It can be made to swim, to leap, and to 
crawl. When placed on its back, it immediately regains its natural 
position. When placed on a board, it does not fall from the board 
when the latter is tilted up so as to displace the animaFs centre of 
gravity; it crawls up the board until it gains a new position in which 
its centre of gravity is restored to its proper place. Its movements 
are exactly those of an entire frog except that they need an external 
stimulus to call them forth. They inevitably follow when the stimu- 
lus is applied; they come to an end when the stimulus ceases to act. 
By continually varying the inclination of a board on which it is 
placed, the frog may he made to continue crawling almost indefinitely; 
but directly the board is made to assume such a position that the 
body of the frog is in equilibrium, the crawling ceases; and if the 
position be not disturbed the animal will remain impassive and quiet 
for an almost indefinite time. When thrown into water, the creature 
begins at once to swim about in the most regular manner, and will 
continue to swim till it is exhausted, if there be nothing present on 
which it can come to rest. If a small piece of wood be placed on the 
water the frog will when it comes in contact with the wood crawl 
upon it, and so come to rest. If its flanks be gently stroked, it will 
croak; and the croaks follow so regularly and surely upon the strokes 
that the animal may almost be played upon like a musical instru- 
ment. Moreover, the movements of the animal are influenced by 
light ; if it be urged to move in any particular direction, it will avoid 
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in its progress objects casting a strong shadow. In fact, even to a 
careful observer the differences between such a frog and an entire 
frog which was simply very stupid or very obstinate, would appear 
slight and unimportant except in one point, viz. that the animal 
without its cerebral hemispheres was obedient to every stimulijs, 
and that each stimulus evoked an appropriate movement, whereas 
with the eutire animal it would be impossible to predict whether any 
result at all, and if so what result, would follow the application of 
this or that stimulus. Both are machines ; but the one is a machine 
and nothing more, the other is a machine governed and checked by 
a dominant volition. 

Now such movements as crawling, leaping, swimming, and indeed, 
to a greater or less extent, all bodily movements, are carried out by 
means of coordinate nervous motor impulses, influenced, arranged, 
and governed by coincident sensory or afferent impulses. We have 
already seen that muscular movements are determined by the muscu- 
lar sense ; they are also directed by means of sensory impulses passing 
centripet^ly along the sensory nerves of the skin, the eye, the ear, and 
other organs. Independently of the afferent impulses, which acting as 
a stimulus call forth the movement, all manner of other afferent im- 
pulses are concerned in the generation and coordination of the result- 
ant motor impulses. Every bodily movement such as those of which 
we are speaking is the work of a more or less complicated nervous 
mechanism, in which there are not only central and eff ifeiit, but also 
afferent factors. And, putting aside the question of consciousness, 
with which we have here no occasion to deal, it is evident that in the 
frog deprived of its cerebral hemispheres all these factors are present, 
the afferent no less than the central and the efferent. The machinery 
for all the necessary and usual body movements is present in all 
its completeness. The share therefore which the cerebral hemi- 
spheres take in executing the movements of which the entire animal 
is capable, is simply that of pxMing this machinery into action. The 
will acts after the manner of a stimulus ; it might be called an 
intrinsic stimulus. Its operations are limited by the machinery at its 
command. The cerebral hemispheres by their action can only give 
shape to a bodily movement by selecting particular parts of the 
nervous machinery to be thrown into activity ; and precisely the same 
movement may be initiated in their absence, by applying such stimuli 
as shall throw precisely the same parts of that machinery into the 
same activity. 

Very marked is the contrast between a frog which, though de- 
prived of its cerebral hemispheres, still retains the optic lobes, cere- 
bellum and medulla oblongata, and one which possesses a spinal cord 
only. The latter when placed on its back makes no attempt to regain 
its normal position ; in fact, it may be said to have completely lost its 
normal position, for even when placed on its feet it does not stand 
with its fore feet erect, as does the other animal, but lies flat on the 
ground. When thrown into water, instead of swimming it sinks like 
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a lump of lead. When pinched, or otherwise stimulated, it does not 
crawl or leap forwards; it simply throws out its limbs in various 
ways. When its flanks are stroked it does not croak; and when 
a board on which it is placed is inclined sufficiently to displace its 
centre of gravity it makes no effort to regain its balance, but falls 
on the board like a lifeless mass. Though, as we have seen, there is 
in all parts of the spinal cord of the frog a large amount of coordi- 
nating machinery, it is evident that a great deal of the more com- 
plex machinery of this kind, especially all that which has to deal 
with the body as a whole, and all that which is concerned with 
equilibrium and is specially governed by the higher senses, is seated 
not in the spinal cord but in the brain and medulla oblongata. We 
shall presently see that in the frog a great deal of this more complex 
machinery is concentrated in the optic lobes. The point however 
to which we wish now to call special attention is that the nervous 
machinery required for the execution, as distinguished from the origi- 
nation, of bodily movements even of the most complicated kind, is 
present after complete removal of the cerebral hemispheres, though 
these movements may require the cooperation of highly differentiated 
afferent impulses \ 

Our knowledge of the phenomena presented by the bird or mam- 
mal from which the cerebral hemispheres have been removed is not so 
exact as in the case of the frog. We may however assert that volition 
is absent, though movements apparently spontaneous in character are 
more common with the mammal than with the frog, as might be 
expected, seeing that the more complicated brain of the former affords, 
even in the absence of the cerebral hemispheres, much more op- 
portunity for the origination of stimuli within the nervous system 
itself, and for the play of stimuli, however originating, than does 
that of the latter. 

When the cerebral hemispheres are removed from a bird the 
animal is able to maintain a completely normal posture, and that too 
when the corpora striata and optic thalami are taken away at the 
same time. It will balance itself on one leg, after the fashion 
of a bird which has in a natural way gone to sleep. In fact, 
the appearance and behaviour of a bird which has been deprived 
of its cerebral hemispheres are strikingly similar to those of a 
bird sleepy and stupid. Left alone in perfect quiet, it will remain 
impassive and motionless for a long, it may be for an almost in- 
defanite time. When stirred it moves, shifts its position ; and then 
on being left alone returns to a natural, easy posture. Placed 
on its side or its back it will regain its feet ; thrown into the air, 
it flies with considerable precision for some distance before it returns 
to rest. It frequently tucks its head under its wings, and if by 
judicious feeding it has been kept alive for some time after the 
operation, it may be seen to clean its feathers and to pick up corn or 


1 Cl. Gk)ltz, Functionen d. Nervencentren dea Froachea, 1869. 
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to drink water presented to its beak\ It may be induced to move not 
only by ordinary stimuli applied to the skin, but also by sudden sharp 
sounds, or flashes of light; and it is evident that its movements are 
to a certain extent guided by visual sensations, for in its flight it will, 
though imperfectly, avoid obstacles. Save that all signs of volition 
are absent, that all satisfactory indications of intelligence are wanting, 
and that the movements are on the whole clumsy, resembling rather 
those of a stupid drowsy bird than those of one quite wide awake, 
there is very little to distinguish such a bird from one in full posses- 
sion of its cerebral hemispheres. 

Even in a mammal, during the few hours which intervene between 
the removal of the hemispheres and death, very much the same phe- 
nomena may be observed. The rabbit, or rat, operated on can stand, 
run and leap; placed on its side or back it at once regains its feet. 
Left alone, it remains as motionless and impassive as a statue, save 
now and then when a passing impulse seems to stir it to a sudden but 
brief movement. Such a rabbit will remain for minutes together 
utterly heedless of a carrot or cabbage-leaf placed just before its nose, 
though if a morsel be placed in its mouth it at once begins to gnaw 
and eat. When stirred, it will with perfect ease and steadiness run 
or leap forward ; and obstacles in its course are very frequently, 
with more or less success, avoided. It will follow by movements 
of the head a bright light held in front of it (provided that the 
optic nerves and tracts have not been injured during Ae operation), 
and starts when a shrill and loud noise is made near it. When 
pinched it cries, often with a long and seemingly plaintive scream. 
Evidently its movements are guided and may be originated by tactile, 
visual, and auditory sensations^. But there is no evidence that it 
possesses either visual or other perceptions, while there is almost 
clear proof that the sensations it experiences give rise to no ideas. 
Its avoidance of objects depends not so much on the form of these as 
on their interference with light. No image, whether pleasant or 
terrible, whether of food or of an enemy, produces an effect on it, 
other than that of an object reflecting more or less light. And 
though the plaintive character of the cry which it gives forth when 

' Bischolf and Voit, Sitzungaberichte Acad. Wiss, MUnrhen, 1863, pp. 479, 469; 

1868, p. 106. 

* Here we come upon a difficulty, which we shall meet with again in the present 
chapter. Are we justified in speaking of * sensation* in cases where we have reason to 
think that consciousness is absent, or where, as in the present instance, we have no 
evidence to shew whether consciousness is present or not ? In treating of the senses 
we called attention to the fact, that we must suppose in the case, for instance, of 
vision, the visual peripheral organ to be connected with a visual central organ in such 
a way that the sensory impulses originating in the former become modified in the 
latter before they affect consciousness. In the peripheral organ and along the nerve of 
sense, the affection of the nervous tissue may be spoken of as a sensory impulse; but 
after the affection has traversed the central orgw and become modified it is no longer 
a simple sensory impulse. We must then either call it a sensation irrespective of 
whether any change of consciousness intervenes or no, or we must give it a new name 
Not wishing to introduce a new name, we have ventured to use the word * sensation* 
in a sense which neither affirms nor denies the coexistence of consciousness. 
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pinched suggests to the observer the existence of passion, it is pro- 
bable that this is a wrong interpretation of a vocal action; the cry 
appears plaintive simply because, in conseauence of the complete- 
ness of the reflex nervous machinery and the absence of the usual 
restraints, it is prolonged. The animal is able to execute all its ordi- 
nary bodily movements, but in its performances nothing is ever seen 
to indicate the retention of an educated intelligence. 

These phenomena are witnessed in some mammals at least not 
only after the cerebral convolutions have been removed, but also 
when the corpora striata and optic thalami are taken away at the 
same time, so that the brain is reduced to the corpora quadrigemina 
and cerebellum with the crura cerebri and pons Varolii. In re- 
moving the corpora striata, however, various forced movements, of 
which we shall speak presently, frequently make their appearance, 
and interfere with tlie observation of the phenomena wo have just 
described ; and it is stated by some observers that, even when these 
do not occur, the scope of the various movements of which the animal 
remains capable is much limited. 

Vulpian insists^ that all the phenomena above described may be ob- 
served in the total absence both of the corpora striata and optic thalami, 
at least in rodents. Many authors however state that dogs differ from 
rodents inasmuch as in dogs lesions of the corpora striata always entail 
loss of coordination. 

With the removal of that part of the brain which lies between 
the hemispheres and the medulla a large number of these coordinate 
movements disappear. The animal can no longer balance itself, 
it lies helpless on its side, and though various movements of a 
complex character, including cries, may be produced by appropriate 
stimuli, they are much more limited than when these cerebral 
structures are intact. 

We may therefore state that in the higher animals, including 
mammals, as in the frog, the body, after the removal of the cerebral 
hemispheres, is capable of executing all the ordinary movements 
which the animal in its natural life is wont to perform, though 
these movements necessitate the cooperation of various afferent 
impulses; and that therefore the nervous machinery for the execu- 
tion of these movements lies in some part of the brain other than 
the cerebral hemispheres. We have reasons for thinking that it is 
situated in the structures forming the middle or hind brain. 

Sec, 2, The Mechanisms of Coordinated Movements. 

When in a pigeon one of the horizontal membranous circular 
canals of the internal ear is cut through, the bird is observed to 
be continually moving its head from side to side. If one of the 

^ Syit, Nerv, Le?. xxiv. 
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vertical canals be cut through, the movements are up and down. 
The peculiar movements are not witnessed when the bird is 
perfectly quiet, but they make their appearance whenever it is 
disturbed, and attempts in any way to stir. When one side only 
of the head is operated on, the condition after a while passes away. 
Wlien the canals of both sides have been divided, it becomes much 
exaggerated, and remains permanently. And it is then found that 
these peculiar movements of the head are associated with what 
appears to be a complete want of coordination of all bodily move- 
ments. If the bird be thrown into the air, it flutters and falls down 
in a helpless and confused manner, having apparently totally lost the 
power of orderly flight. If placed in a balanced position, it may 
remain for some time quiet, generally with its head in a peculiar 
posture ; but directly it is disturbed, the movements which it attempts 
to execute are irregular and fall shoi-t of their purpose. It has 
great difiiculty in picking up food and in drinking ; and in general 
its behaviour very much resembles that of a person who is exceed- 
ingly dizzy. 

It can hear perfectly well, and therefore the symptoms cannot 
be regarded as the result of any abnormal auditory sensations, such 
as ‘a roaring’ in the ears. Besides, any such stimulation of the 
auditory nerve as the result of the section, would speedily die away, 
owing to exhaustion of the nerve, whereas these phenoy ^a may be 
permanent. 

The movements are not due to any uncontrollable impulse; 
a very gentle pressure of the hand suffices to stop the movements 
of the head, and the hand in doing so experiences no strain. The 
assistance of a very slight support enables movements otherwise 
impossible or most diflScult, to be easily executed. Thus, though 
when left alone the bird has great diflBculty in drinking or picking 
up com, if its beak be plunged into water, or into a heap of barley, 
it will continue to drink or eat with ease ; the slight support of the 
water and of the grain being sufficient to steady its movements. In 
the same way, it can, even without assistance, clean its feathers and 
scratch its head, its beak and foot being in these operations guided 
by contact with its own body. 

The symptoms manifest themselves without any injiuy to, or change 
in, the cerebellum or other parts of the brain being discoverable. 

The easiest mode of explaining the phenomena is to suppose that 
the animal is unable, without direct contact sensations, to appreciate 
the position of its own head. The accompanying disorderly flight may 
be regarded as a secondary consequence of this, for pigeons whose 
heads are artificially fixed in any of the peculiar positions assumed by 
the heads of birds thus operated on, are said to be similarly unable 
to fly\ And we may further suppose that the sense of equilibrium, 

1 Goltz, PJiUger*i Arcftk/fiu. (1870) p, 172. 



Chap, vi.] 


THE BRAIN. 


495 


whereby the position of the head is recognised, is the product of 
afferent impulses originated by variations of pressure in the am- 
pullae of the semicircular canals, and conveyed to the brain by the 
auditory nerve, but not giving rise to auditory sensations. The 
three semicircular canals are in planes nearly at right angles to one 
another ; hence in any given position of the head, the pressure on 
the different ampullae would be different, and in any movement 
of the head, the ampullae would be differently affected. A sonorous 
wave, on the other hand, would affect all the ampullae equally. Our 
judgment concerning the position of any part of our body is deter- 
mined in part by the muscular sense, by sight, touch, and by 
affections of general sensibility; but we may imagine that in addi-' 
tion to these we are continually receiving afferent impulses as it 
were of a new sense, from the semicircular canals, which not only 
determine our ideas concerning the position of our body, but also 
enter, without any direct effect on consciousness, into, and form a 
part of — an afferent factor of — the coordinating mechanism of our 
more complex bodily movements. There are many ways in which 
we could tell even with our eyes shut, whether we were standing 
on our heads or our feet, or how much we were inclined to the 
liorizon ; but these means would fail us when, placed perfectly flat 
and quiet on a horizontal rotating table, with the eyes shut, and 
not a muscle stirring, we attempted to ascertain how much we were 
turned to the right or to the left. Yet according to Crum BrownS 
we can under such circumstances pass a tolerably successful judg- 
ment as to the angle through which we are moved. If we suppose 
that the movement causes pressure on the ampullse, we may out 
of the consequent sensations form such a judgment. 

When a person under such circumstances is rotated for some time, 
the sense of rotation ceases to be felt; but on the rotation ceasing a sense 
of being rotated in the opposite direction is set up : a complementary or 
more strictly a rebound sensation is caused. Regarding the sensation as 
due to the movement of the fluid in the canals, Crum Brown supposes 
that the effect is different according as the flow is from the ampulla into 
the canal, or from the canal into the ampulla, and that thus we are able 
to recognise the direction of the rotation, whether positive or negative, 
ex, gr, to the right or to the left, and so on. Hence the existence of 
six ampullfie, two for eacli of tlie three axes of rotation ; and Crum Brown 
asserts that in man and all animals which he has examined the two 
exterior canals of the two ears are very neaidy in the same plane, and the 
superior canal of one ear very nearly in the same plane as the posterior 
canal of the other. 

It is well known that when we rotate rapidly with the eyes 
open we feel dizzy. But no vertigo appears when w^e are rotated 
with the eyes shut, though it may appear the moment the eyes are 

1 Joum, Amt, Phys. 1874, p. 827; see also Mach. Lehre v, d. Bewegungi^Empfind, 
1875; Breuer, Wien, Med. Jahrh, 1874, p. 72; 1876, p. 87. 
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opened. Vertigo in this case seems to be the result of a conflict 
between visual sensations and the sensations arising from this 
peculiar stimulation of the auditory nerve. And in the so-called 
Menibre’s disease, vertigo is associated with disease of the semi- 
circular canals, or at least of the internal ear. ^ 

A difficulty is presented by the fact that the canals are all continuous ; 
and hence if the effects of section are simply due to loss of fluid, and con- 
sequent absence of variations in pressure, the section of one canal ought to 
produce the same effect as that of all of them; but this apparently is not 
the case. 

The injury which causes the loss of coordination need not be 
confined to the peripheral organs of the auditory nerve. Section of 
the auditory trunk produces similar effects in the mammal and the 
frog. 

Whatever be the explanation of the exact way in which the 
semicircular canals exercise this influence, it is clear that afferent 
impulses of some sort or other do pass into the brain from 
these organs, and take a part in the development of the co- 
ordinating mechanism so important that changes in these im- 
pulses go far to throw the whole mechanism into disorder, or 
at least to impair its proper working. It is not necessary that 
these afferent impulses should directly affect consciousness (or, 
to speak more correctly, should affect that compleft ^consciousness 
which is associated with volition), and so develope into distinct 
perceptions. We have seen that a bird from wliich the cerebral 
hemispheres have been removed is perfectly able to fly; and 
that therefore the coordinating nervous mechanism necessary 
for flight is situated in the parts of the brain lying behind the 
cerebral hemispheres. We have also dwelt on the fact that all 
the chief coordinating mechanisms of the frog lie in the hind 
parts of the brain ; yet in the frog, as in the bird, and we may 
add, as in the mammal, injury to the semicircular canals produces 
loss of coordination whether the hemispheres be present or no. Now, 
we have no satisfactory reasons for either asserting or denying that 
what we call consciousness exists in animals deprived of their 
cerebral hemispheres. When signs of volition are present, we may 
safely take these signs as indications of consciousness also ; but we 
are not justified in saying that all consciousness is absent when 
satisfactory signs of volition are wanting. We cannot form any just 
judgment on the matter without some more trustworthy and objec- 
tive tokens of consciousness than we at present possess. But what 
we may safely assert is, that the coordinating mechanism, the 
retention of which is so striking a feature of an animal deprived 
of its cerebral hemispheres, is constructed out of divers afferent 
impulses of various kinds arriving at the coordinating centre from 
various parts of the body, that in fact the coordination taking 
place at the centre is the adjustment of efferent to afferent impulses. 
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Many, if not all, of these afferent impulses are such that in the 
presence of consciousness they would give rise to sensations and 
ideas; but we have no reason for thinking that the complete 
development of the afferent impulse into a sensation or an idea 
ib always necessary to the carrying out of coordination. We may 
sdy that we have a sense of equilibrium by means of the semicircular 
canals, and when that sense is deranged, we feel giddy and cannot 
stand. We have no reason, however, for thinking that the failure 
to keep upright is due to the feeling of giddiness, in the sense of 
being a direct result of the condition of the consciousness. On the 
contrary, since the peculiar movements characteristic of vertigo may 
take place in the absence of consciousness without the vertigo being 
actually felt, we may with security assert that the failure to stand 
upright and the feeling of giddiness are both concomitant effects 
of the same disarrangement of the coordinating mechanism. 

It cannot be too much insisted on that for every bodily movement 
of any complexity afferent impulses are as essential as the executive 
efferent impulses. Our movements, as we have already urged, are 
guided not only by the muscular sense, but also by contact sensations, 
auditory sensations, visual sensations, and visual perceptions (for the 
remarks made above concerning the relations of the coordinating 
mechanism to consciousness do not exclude the possibility of conscious- 
ness affecting the mechanism) ; and when we say ‘ they are guided,’ 
we mean that without the sensations the movements become impos- 
sible. In studying vision we saw repeatedly that the movements of 
the eyes were directly dependent on vision, and every ball-room 
affords abundant evidence of the ties between sensations of sound and 
motions of the limbs. So essential, in fact, are afferent impulses to 
the development of complex bodily movements, that we are almost 
justified in considering every such movement in the light of a reflex 
action made up of afterent and efferent impulses and central actions, 
and set going by the influence of some dominant afferent impulse, 
or by the direct action of the will on the centre itself. All day long 
and every day multitudinous afferent impulses, from eye, and ear, 
and skin, and muscle, and other tissues and organs, are streaming 
into our nervous system ; and did each afferent impulse issue as its 
correlative efferent motor impulse, our life would be a prolonged con- 
vulsion. As it is, by the checks and counter-checks of cerebral and 
spinal activities, all these impulses are drilled and marshalled, and 
kept in hand in orderly array till a movement is called for ; and thus 
we are able to execute at will the more complex bodily manceuvres, 
knowing only why^ and unconscious or but dimly conscious how^ wo 
carry them out. 

We have ventured to use the phrase * coordinating centre,’ but it 
must be understood that we have no right to attach more than a 
general meaning to the words. We cannot, at present at least, define 
such a centre in the same way that we can the vaso-motor or respira- 
tory centre. When the optic lobes as well as the cerebral hemispheres 

F. P. 32 
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are removed from the frog, the power of balancing itself is lost ; when 
such a frog is thrown off its balance by inclining the plane on which 
it is placed, it falls down. The special coordinating mechanism for 
balancing must therefore in this animal be situated in the optic 
lobes : but after removal of these organs, the animal is still capable 
of a great variety of coordinate movements ; unlike a frog retaining 
its spinal cord only, it can swim and leap, and when placed on its 
back immediately regains the normal position. The cerebellum of 
the frog is so small, and in removing it injury is so likely to be done 
to the underlying parts, that it becomes difficult to say how much of 
the coordination apparent in a frog possessing cerebellum and me- 
dulla is to be attributed to the former or to the latter; probably, 
however, the part played by the former is small. In the mammal, 
as we have stated, removal of the whole middle and hind brain does 
away with the most marked of these coordinating mechanisms. 
Removal of the pons Varolii alone has the same effect. Injury to, 
or disease of, the more superficial parts of the corpora quadrigemina 
or of the cerebellum, does not appear to influence the movements 
of the body at large to any striking extent; but there are many 
pathological cases, as well as experimental observations, tending to 
associate the coordinating mechanisms of which we are speaking with 
the deeper parts of the cerebellum. It would be hazardous, in the 
present state of our knowledge, to make any definite statement con- 
cerning the share taken by these several cerebraL tructures in the 
various coordinations. 

The results of experiments are in many ways conflicting, but still more 
conflicting and still less trustworthy are the results of pathological obser- 
vations. In this and in so many other parts of physiology the so-called 
‘experiments of nature’ as seen at the bed-side, are extremely useful in 
suggesting and correcting experimental inquiries ; but they prove broken 
reeds when reliance is placed on them alone. There is hardly a thesis in 
cerebral physiology, in respect of which a long array of ‘ cases ’ may not 
be quoted strikingly supporting the views enunciated, and a long array as 
flatly contradicting them. 


Forced Movements. 

All investigators who have performed experiments on the brain, 
have observed as the result of injury to various parts of it remark- 
able compulsory movements. One of the most common forms is that 
in which the animal rolls incessantly round the longitudinal axis 
of its own body. This is especially common after section of one of 
the crura cerebri, more particularly of the external and superior 
parts, or after unilateral section of the pons Varolii, but has also 
been witnessed after injury to the medulla oblongata and corpora 
quadrigemina. Sometimes the animal rotates towards and sometimes 
away from the side operated on. Another form is that in which the 
animal executes ' circus movements,* i.e. continually moves round and 
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round in a circle, sometimes towards and sometimes away from the 
injured side. This may be seen after several of the above-mentioned 
operations, but is perhaps particularly common after injuries to the 
corpora striata ana optic tnalami There is a variety of the circus 
movement said to occur frequently after lesions of the nates, in which 
the animal moves in a circle, with the longitudinal axis of its body as 
a radius, and the end of its tail for a centre. And this form again 
may easily pass into a simply rolling movement. In yet another form 
the animal rotates over the transverse axis of its body, tumbles head 
over heels in a series of somersaults ; or it may run incessantly in a 
straight line backwards or forwards until it is stopped by some 
obstacle. These latter forms of forced movements are frequently seen 
after injury to the corpora striata ; and Nothnagel speaks of a limited 
portion of the grey matter of the corpus striatum as the nodus cur- 
soriusy the injection of chromic acid into which produces in the rabbit 
the straight-forward running. Lastly, many, if not all, these various 
forced movements may result from injuries which appear to be 
limited to the cerebral hemispheres. 

Attempts have been made to explain the rotatory movements by 
reference to unilateral paralysis or to spasm of various muscles of the 
body caused by the cerebral injury ; and in the case of the ‘ circus * 
movements with partial hemiplegia, which follow upon injury to the 
corpora striata or other parts, the explanation that the animal in pro- 
gressing forward naturally bears on its paralysed or weak side seems a 
valid one ; but the movements may frequently be witnessed in the 
complete absence of cither paralysis or spasm, and cannot there- 
fore be always so explained. On the other hand, if the views urged 
just now concerning the nature of the coordinating mechanisms of the 
brain are true, it is evident that they afford a general explanation of 
the phenomena, though our present knowledge will not permit us 
to explain the genesis of each particular kind of movement. Such 
gross injuries as are involved in dividing cerebral structures or in 
injecting corrosive substances into the midst of cerebral organs, 
must of necessity, either by irritation or otherwise, seriously affect 
the transmission not only of afferent impulses in their cerebral course, 
but also of central impulses, inhibitory and the like, passing from one 
part of the brain to another ; and must therefore seriously affect the 
due working of the general coordinating mechanisms. The fact that 
an animal can, at any moment, by an effort of its own will, rotate on 
its axis or run straight forwards, shews that the nervous mechanism 
for the execution of those movements is ready at hand in the brain, 
waiting only to be discharged ; and it is easy to conceive how such a 
discharge might be affected either by the substitution of some potent 
intrinsic afferent impulse for the will or by some misdirection of the 
volitional impulses. Persons who have experienced similar forced 
movements as the result of disease report that they are frequently ac- 
companied, and seem to be caused, by disturbed visual or other sensa- 
tions ; they say they fall forward because the ground appears to sink 

32—2 
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away beneath their feet. Without trusting too closely to the inter- 
pretations the subjects of these disorders rive of their own feelings, 
we may at least conclude that the disordeny movements are due to a 
disorder of the coordinating mechanism, which in many cases is itself 
the result of disordered sensory impulses, and not to any paralytic or 
other failing of the simple muscular instruments of the nervous sys- 
tem. And this view is supported by the fact that many of these 
forced movements are accompanied by a peculiar and wholly abnormal 
position of the eyes, which alone might perhaps explain many of the 
phenomena. 

Sec. 3. The Functions of the Cerebral Convolutions. 

All the older observers, Flourens and others, agreed that when the 
cerebral hemispheres were gradually removed, piece by piece or 
slice by slice, no obvious effects manifested themselves, either in 
the intelligence or volition of the animal, when the first portions only 
were taken away ; but that, as the removal was continued, the 
animal became more and more dull and stupid, until at last both 
intelligence and volition seemed to be entirely lost. It has been 
frequently observed that after wounds of the skull large portions of 
the brains of men might be removed without any marked effect on 
the psychical condition of the patients. The brain when exposed 
was found not to be sensitive ; and ordinary stimi^i applied to the 
surface of the convolutions of animals failed in the hands of most 
experimenters to produce any clearly recognisable effect. Hence it 
became very common to deny the existence of any localization of 
functions in the convolutions of the hemisphere, and to speak of the 
brain as ‘acting as a whole,’ whatever that might mean. On the 
other hand, there was clear evidence that not only did disease of the 
superficial grey matter of the hemispheres cause delirium, as in 
meningitis, but sometimes convulsions either of an epileptic charac- 
ter or localized to particular groups of muscles Hitzig and Fritsch* 
were the first to shew that the local application of the constant 
galvanic current to particular convolutions and to particular parts of 
convolutions gave rise to definite coordinate movements of various 
groups of muscles. Thus while the stimulation of one spot (Fig. GO) 
caused movements in the muscles of the neck, another caused ex- 
tension with adduction of the fore leg, a third movements of the hind 
leg, a fourth movements of the eye and other parts of the face. In 
fact, they and Ferrier®, who using chiefly the interrupted or faradaic 
current, repeated and extended their observations, were able to map 
out the convolutions of the front and middle part of the hemisphere of 
the dog (Fig. 61), cat, monkey (Figs. 62, 63), and other animals, into 

1 HugblingB-Jacksozi, Clinical and Physiol. Researches. 1878. 

^ Reichert u. Dn Bois-Beymond's Archiv, 1870, p. 800. See also Hitzig, Daa 
Oehim. Berlin, 1874. 

* West Riding ReporUt Yol. in, 1878. Bee also his Functiom of the Brain^ London, 
1876. 
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Fig. 60. The Areas or the CcnFRRAL Convolutions op the Dog, according to 

HirziG AND Fkitsch. 


(1) A The Area for the muscle? of the neck. 

(2) +* ,) M extension and adduction of the fore limb. 

(3) + „ „ flexion and rotation of the fore limb, 

(4) # „ „ hind limb. 

Bunning transversely towards and separating (1) and (2) from (8) and (4) is seen 
the crucial sulcus, 

(5) The facial Area. 



FlO. 61. ThB Aunta OP THB CbBBBBAI. CoNYOLtJTIOKS OP THB DOO, ACOOEDINO TO 

Febrieb. 


0, The Olfactory Lobe. A. The Fissure of Sylvius. B. The Crucial Sulcus. 


s. 


Faradaic stimulations of the areas indicated by the several circles produce the 
following results. 

The hind leg is advanced as in walking. 

Lateral or wagging motion of the tail. 

Betraction and adduction of the opposite fore limb. w limb 

Elevation of the shoulder of, and extension forwards of the opposite fore limD. 


1 There is in the dog no movement oomparable to that resulting from stimulating 
(2) (Figs. 62, 68) in the monkey- (Ferrier.) 
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(7) Closure of the opposite eye caused by combined action of the orbicular and zygo- 
matic muscles. 

(8| Betraotion imd elevation of the opposite angle of the mouth. 

(9)^ The mouth is opened and the tongue moved, sometimes barking is produced. 

(11) Ketraction of the angle of the mouth. 

(12) Opening of the eyes and dilation of the pupils ; the eyes and then the head turr- 

ing to the opposite side. 

(ISl The eyeballs move to the opposite side. 

(14) Pricking or sudden retraction of the opposite ear. 

|16) Torsion of the nostril on the same side. 

(16) Elevation of the hp and dilation of the nostril (?). 



Fia. 62, 

Figs. 62, and 63. Side and upper views of the Brain of Man, with the areas 
OF THE Cerebral Convolutions, according to Ferrier. 

The figures are constructed by marking on the brain of man, in their respective situa- 
tions, the areas of the brain of the monkey as determined by experiment, and the descrip- 
tion of the effects of stimulating the various areas refers to the brain of the monkey. 

(1) (On the postero-parietal [superior parietal] lobule). Advance of the opposite 

hind limb as in walkmg. 

(2) , (3), (4) (Around the upper extremity of the fissure of Rolando). Complex move- 

ments of the opposite leg and arm, and of the trunk, as in swimming. 

(a), (b), (c), (d). (On the postero-parietal [posterior central] convolution). Individual 
and combined movements of the fingers and wrist of the opposite hand. 
Prehensile movements. 

(5) (At the posterior extremity of the superior frontal convolution). Extension for- 
ward of the opposite arm and hand. 


^ Corresponding to (9) and (10) in the monkey. 
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(6) (On the upper part of the antero-parietal or ascending frontal [anterior central] 

oouYolution). Supination and flexion of the opposite forearm. 

(7) (On the median portion of the same convolution). Betraction and elevation of 

the opposite angle of the mouth by means of the zygomatic muscles. 

(8) (Lower down on the same convolution). Elevation of the ala nasi and upper lip 

with depression of the lower lip, on the opposite side. 

(9) , (10) (At the inferior extremity of the same convolution, Broca’s convolution). 

Opening of the mouth with (9) protrusion and (10) retraction of the tongue. 
Region of Aphasia, Bilateral action, 

(11) (Between (10) and the inferior extremity of the postero-parietal convolution). 

Betraction of the opposite angle of the mouth, the head turned slightly to one 
side. 

(12) (On the posterior portions of the superior and middle frontal convolutions). The 

eyes open widely, the pupils dilate, and the head and eyes turn towards the 
opposite side. 

(13) , (13') (On the supra-marginal lobule and angular gyrus). The eyes move towards 

the opposite side with an upward (13) or downward (18') deviation. The 
pupils generally contracted. (Centre of vision. ) 

(14) (On the infra-marginal or superior [firstj temporo-sphenoidal convolution). 

Pricking of the opposite ear, the head and eyes turn to the opposite side, 
and the pupils dilate largely. (Centre of hearing.) 

Perrier moreover places the centres of taste and smell at the extremify of the 
temporo-sphenoidal lobe, and that of toucdi in the gyrus unoinatus and hippocampus 
major. 
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a number of precisely limited areas, the stimulation of each area 
producing a distinct and limited movement, while stimulation of a 
large surface produced general convulsions. The movements were 
so precise that they answered each to the spot stimulated almost 
as completely as a note answers to a key struck on the piano. 

A relationship has also been observed between the brain surface and the 
secretion of saliva, the beat of the heart, the condition of the pupil, the 
action of vaso-motor nerves, and other organic functions. Eulenburg and 
Landois' find that extirpation of the motor areas for the extremities causes 
a rise of temperature (lasting in some cases for months) in the corresponding 
limbs ; and Hitzig had previously observed the same thing. Balogh * 
describes in the dog and rabbit, areas in the cerebral surface stimulation of 
which causes acceleration of the heart’s beat, and other areas stimulation of 
which slows the heart Bochefontaine^ observed that stimulation of the 
cerebral surface in the neighbourhood of the crucial sulcus produced a rise 
of arterial pressure with alternating acceleration and retardation of the 
heart’s beat. Among other results of stimulating the same and other 
regions of the surface he witnessed increased flow of saliva, contraction of 
the spleen, bladder, uterus, &c., and dilation of the pupil; the last effect 
might follow upon stimulation of almost any point of the cerebral surface. 
But on these points the results of various observers are by no means 
constant^. Haemorrhage into the lung has been observed in the rabbit to 
follow upon stimulation of the cerebral surfece*. 

% 

These experiments leave no doubt that there is a connection 
between galvanic stimulation of the brain surface and bodily move- 
ments; but the exact nature of this connection is at present very 
obscure. One thing may be at least affirmed, that these cerebral 
spots are not motor centres in the sense that the coordination of 
the movements takes place in them ; for we have seen that the most 
complete coordination obtains in the total absence of the cerebral 
hemispheres. If there is any real connection between the movements 
and the grey matter of the convolutions, it must be because the 
latter has direct relations with the coordinating mechanisms placed 
lower down in the brain. 

It seems a priori unlikely that such valuable material as we must needs 
suppose the grey matter of the convolutions to be, should be taken up in 
such, so to speak, menial work as bending or straightening a limb ; and the 
results of subsequent observers have largely diminished the value which 
was at first attached to Hitzig’s observations. Not only do the phenomena 
continue when the animal is under opium and chloroform, provided that 
the anmsthesia is not too profound, and not only do they require for their 
development currents of a considerable strength, meoh^ical and dhemical 

1 Tirchow’s ArcUv, 68 (1876), p. 246. 

* Hofmann and Schwalbe’s Bericht^ 1876, p. 88. 

* Arehivti de PhvtioL ra. (1876) p. 140. 

^ Broym-S6qtiara, ArcUvei de Phye, ii. (1875) p. 864. Eokhard, Beitrdge, ra. 
(1876) 199. 

« Nothnagel, €bl. Med. Wise. 1874, p. 209. 
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stimulation being unable to produce them, but the results of stimulation 
are the same, when the surface of the convolution operated on is highly 
congested, and even when it has become completely dried up, or after 
it has been washed with strong nitric acid. The results, moreover, re- 
main unchanged when the area experimented upon is isolated from the 
surrounding grey matter, by plunging a cork-borer for some distance into 
the brain round it ; and even when the brain substance is removed to some 
depth down by means of the cork-borer, and the electrodes plunged into 
the blood which fills up the vacant cylindrical hole^ They remain the 
same when the surface stimulated is disconnected physiologically though 
not physically from the deeper parts, by a horizontal incision carried 
some little distance from the surface®. And though the area, stimulation 
of which gives rise to a definite movement, is always limited, yet it is 
not constant in different individuals, and frequently a large and deep 
sulcus may be seen running through its very midst®. All these fiacts 
suggest that the results are due to the escape of the current from the surface 
to which the electrodes are applied to deeper underlying portions of the 
brain, the escape taking ])lace along definite lines determined by the elec- 
trical conductivity of the brain substance. And Burdon Sanderson^ states 
that local stimulation of the white matter immediately surrounding a 
corpus striatum produces localized movements quite similar to those caused 
by stimulation of the corresponding cerebral surface ; from which it may 
be inferred that when the surface appears to be stimulated, it is really 
the corpus striatum which is affected physiologically by the stimulus. 
Albeiiioni and Michieli® however found that several weeks after the 
removal of an area stimulation of the scar or its immediate neighbour- 
hood no longer produces the particular movements characteristic of the 
area. Unless it can be shewn that the injury in such cases produces 
marked clianges in the electrical conductivity of the brain substance, this 
observation may be taken as indicating that the fibres passing downwanls 
from the area to deeper parts of the brain, have through degeneration 
become incapable of conveying the impulses set going by the application of 
the currenlj to the brain surface; that the connection between the area and 
the deeper parts is not a physical one, depending on the escape of the 
current, but a physiological one, dependent on the existence of fibres passing 
from the area to some more centiul mechanism and capable of producing 
their special effects when stimulated in any part of their course. 

At all events, these various experiments shew very clearly that the 
fact of certain movements following upon stimulation of certain areas, is 
no proof that those ai*eas are to be considered as motor centres. They are 
not fundamentally inconsistent with the hypothesis that such centres 
exist; for the fibres proceeding from the centres to the corpus striatum 
or to other organs, might, when artificially stimulated, produce the same 
effect as when they were the channels of impulses originating in the centres 
in a normal manner, just as cardiac inhibition may be brought about by 
artificial stimulation of the vagus, though in ordinary life it occurs through 


I Hermann, Pfliiger’s ArchiVt x. (1875) 77. Braun, Eokhard*s Beitrdgef vn. (1874) 127. 

* Burdon Sanderson, Proc, Boy, Soc. xxii. (1876) 868. 

8 Hermann, op. cit. ^ Op, ciU 

* Hofmann and Schwalbe’s Bericht, 1676, p. 80« 
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the activity of the mednUaiy oardio-inhibitory centre. They are not in- 
consistent with the hypothesis, but they afford it very little support. 

On the other hand, if these circumscribed areas of superhcial grey matter 
were, as they have by some been supposed to be, motor centres in the 
sense of being necessary for the initiation of voluntary movements corre- 
sponding to those produced by artificial stimulation, particular sets of volun- 
tary movements ought to disappear when the particular areas are removed 
by incision, or rendered functionally incapable by chromic acid injection 
or otherwise. 

On this point however the various observers disagree. Fender' states 
that removal of the convolution or area stimulation of which according 
to him causes movements of the eyeballs and a turning of the head, brings 
about total blindness of the opj>osite eye ; and he is accordingly led to the 
conclusion that the area in question is ‘ a sensory centre,* a ‘ visual centre,* 
and that the movements following upon stimulation of it are simj>ly the 
results of an excitation of visual sensations. He similarly finds an 
‘ auditory centre,* the removal of which causes deafness, a ‘ tactile centi-e,* 
and centres for taste and smell. Other areas he regards as ‘motor* 
centres, and states that their removal produces localized pamlysis without 
impairment either of general sensation or of any of the special senses. 
Hitzig on the other hand is inclined to interju’et tlie imperfect movements 
which make their appearance as due to a loss of muscular sense or 
‘muscular consciousness;* and Nothnagel*, who injected minute quan- 
tities of chromic acid into limited areas of the cerebj-d surface, observed 
motorial anomalies, which he also was inclined to reg. ra as due to a loss 
or impairment of the muscular sense. Nothnagel however made the 
important observation that the symptoms after a while disappeared; and 
in this he has been corroborated by subsequent observers. Ferrier appeal's 
to have kept his animals alive for a few days only at the utmost, and to 
have ceased his observations before any such recovery had taken place. 
Hermann’ removed from dogs cerebral areas, stimulation of which gave 
localized movements, and found that the })ara lysis and loss of sensa- 
tion which immediately followed the operation, after some days wholly 
disappeared. Carville and Duret^ obtained the same results, and they shewed 
that the restitution of power could not be due to a vicarious action of the 
same centre of the other hemisphere, since after r(»covery from a left-sided 
paralysis due to an operation on the right hemisphere, subsequent 
operation on the same centre of the left hemisphere produced the usual 
effect on the right side, but did not cause a return of the paralysis 
on the left side. They could only reconcile their results with the 
‘motor centre* theory by supposing that when a centre was destroyed, 
other portions of the same hemisphere took up its functions. But the most 
serious objections to the theory of superficial cerebral centres in any of the 
forma in which it has as yet been brought forward, are furnished by the 
recent observations by Goltz* on dogs. He removed parts of the cere- 
bral surface by washing the nervous substance away with a stream of 
water, a method which has the advantage of causing comparatively little 
bleeding, and affording considerable localization of the injury ; and he 

1 Op. eit, * Tirchow’s Archive Bd. 67 (1878), p. 184, 

* Op. eit, ^ Archives de Physiol, n. (1876) p. 862. 

® PfiUger*B Archiv, xiu. (1876) p. 1, xiv. (1877) p. 412. 
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found that the operation was followed at first by diminished sensation and 
voluntary power on the opposite side of the body ; imperfect sight or even 
blindness of one eye being also a constant result. Flourens and other 
inquirers had previously observed a special connection between sight 
and the cerebral convolutions. These effects, however, were temporary only, 
and eventually the animal appeared to recover completely ; so much so that 
upon a hasty examination the animal seemed perfectly normal. Goltz insists 
most strongly that both the paralysis of voluntary movement and the dimi- 
nution of cutaneous sensibility, as well as the imperfection of sight, occurred 
wJiatever part of the brain were removed. They were witness^ when por- 
tions of the posterior lobe, which, according to Hitzig and Ferrier, contains 
no motor centres, were removed; the partial blindness came on whether 
Ferrier’s visual centre were taken away or not. Both the amount of 
mischief done, and the speed and completeness with which recovery took 
place, depended not on the locality operated on, but, as older observera 
found, on the quantity of brain substance removed. After recovery from 
one operation, a second removal of brain substance reproduced the same 
phenomena as the previous one ; and, though at first sight this might be 
taken as supporting Carville and Buret’s theory of a vicarious action of 
other parts of the same hemisphere, the impossibility of such a view is 
proved by the fact that Goltz was able to remove the greater part of the 
grey matter of one hemispliere, and yet recovery, except in the points to be 
mentioned directly, eventually took place. Goltz argues that all the tem- 
porary phenomena are due to the superficial lesions exercising inhibitory 
infiuences on the parts of the brain lying between the cerebral convolutions 
and the spinal cord. He very aptly compares the paralysis caused by 
operations on the surface of the cerebrum to the paralysis of the lumbar 
spinal centres which results from and lasts some time after division of the 
spinal cord in the dorsal region. When the injury had been extensive the 
recovery was very slow, and wtis obviously hastened by educational exer- 
cise. The dog gradually learnt to regain the power of which the operation 
for a time had deprived him. Nevertheless, in spite of apparently complete 
recovery, careful obseiwation shewed that for weeks after a considerable 
portion of the cerebral surface had been removed, certain things remained 
])erinanently lacking. The sight was always impaired in such a way that, 
though the animal could see sufficiently to guide his movements, distinct 
scenes ceased to have any effect on him. A dog which before the operation 
becjime violently excited when the laboratory servant dressed in a fantastic 
garb was i)resented to him, was not in the least affected by the same after 
the operation, at a time when he seemed otherwise to have completely 
recovered. He had, wo might almost say, visual sensations, but visual 
perceptions were either absent or very dim. Again, a dog which had 
been trained to give his left paw into his master’s hand, never regained the 
power to do this after portions of the right hemisphere had been re- 
moved; when ausked, he gave the right paw, and when the left was insisted 
on he crossed over the right paw to the left side. He knew what was 
w'anted, but there was a break in the nervous machinery connecting the 
intellectual volition with the coordinate motor impulses necessary for raising 
the left paw. He could, however, lift the left paw for the purpose of 
walking, when the same or very similar impulses were set going from 
another quarter. It should be added, however, that in cases where a small 
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amount of tbe cerebral substance bad been removed, this power of ‘ giving 
the paw’ was regained; and it is of course possible that in all cases, the 
restitution both of movements and of sight would in the end have become 
complete if the animals had lived for months instead of weeks after the 
operation. ♦ 

Besides tlie experimental evidence just discussed we have also 
striking pathological proof of the connection of certain movements 
with a particular convolution. The condition known as aphasia, 
using that word in its general sense, including its several varieties, 
as meaning the loss of articulate speech, is so often associated with 
disease of the posterior portion of the third frontal convolution 
Fig. 62 (9) (10), that it becomes impossible not to admit that there 
must be some causal connection between this part of the brain and 
speech. In the vast majority of cases the disease is on the left 
side of the brain and occurs in company with right hemiplegia, but 
cases have been recorded where the right side of the brain was 
affected. 

Seeing that articulate speech is a thing learned by use, it has been 
suggested that in most persons one side of the brain only has been educated 
for this purpose, and hence that one side only of the brain is employed ; 
that we are in fact left-brained in respect to speech in the same way 
that we are idght-handed in rcispect to many bodily ir >vements ; and this 
view is apparently supported by the fact that the left side of the brain is 
on the whole larger and more convoluted than the right side'; but the 
question of the dual action of the two cerebral hemispheres is too dark a 
subject to enter into here. 

It is obvious that loss of speech may arise from a variety of causes. 
It may be due to simple paralysis of the hypoglossal, and other nerves 
concerned in speech. It may be occasioned by an imperfection in the 
coordinating mechanism by which the efferent impulses ai*e marshalled 
just previous to their exit from the central nervous system. Or it may 
be caused by a break in the nervous chain connecting the idea of the word 
with this coordinated motor mechanism of expression. Lastly, the fault 
may lie in the generation of the idea itself. It is the two latter forms of 
aphasia which appear to be coimected with the cerebral convolution spoken 
of above. The cases are strikingly parallel to that of the dog just 
mentioned. 

^ This statement by Gratiolet has however been opposed by Ecker and others ; but 
of. Boyd (P/ill. Trans, 1861, p. 261). 
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Sec, 4. The Functions op other Parts of the Brain. 

Although much has been written, and many experiments per- 
formed, in reference to the various parts of the brain, the views which 
have thereby been worked out are for the most part neither satis- 
factory nor consistent ; indeed, the proper method to study the brain 
is probably to trace out a cerebral operation along its chain of events 
rather than to seek to attach readily definable functions to the 
cerebral anatomical components. 

A fundamental difficulty meets us at the threshold of every inquiry 
into the particular function of any part of the brain. WJien an organ, 
such for instance as the corpus striatum, is removed by the knife, or 
placed hors de comhaty or thrown into an abnormal condition, by the 
injection of corrosive fluids, or by a hsemorrhage, or by other patho- 
logical changes, we have no right to infer that the negative phenomena, 
loss of volition, loss of sensation, &c., which make their appearance, prove 
that in its normal condition the organ in question is a seat or a main 
tract of volition, of sensation, <fec. This may be the explanation of the 
experiment or malady; but it may not. Whatever may prove in the end 
to be the nature of nervous inhibition, it is clear that inhibitory actions are 
impoi*tant factors in the production of nervous phenomena; they are so 
prominent in the spinal cord, that we may be sure they play a distinguished 
part in cerebral operations. But if this be so, the removal of an organ 
may, by the withdrawal of an accustomed chock, put an end to the work- 
ing of a machinery, with which it is otherwise only indirectly connected ; 
and, conversely, unusual inhibitory impulses or inhibitory impulses of 
unusual intensity, started in an organ by the presence of a blood-clot, or by 
other pathological changes, may be sufficient to stop the progress of events 
in some quite distant parts of the brain. We have already referred to 
Goltz’s explanation of the temi)orary paralysis resulting from injuries to the 
cerebral surface, that it was due not to the mere loss of the piece of brain 
taken away, but to the fact of the removal acting in some way or other on 
the rest of the nervous system, in a manner which we cannot at present define 
more closely than by calling it inhibitory. In the case of the dog (p. 328) 
whose dorsal cord was divided, pinching the skin of the leg or lower part of 
the body inhibited the reflex act of mictxirition. There can be no doubt 
that if amputation of the leg were performed on such a dog, micturition 
would become impossible for several days at least. In such an instance 
there would be no difficulty in distinguishing between ‘loss of micturition' 
due to destruction of the lumbar cord and that due to amputation of the 
leg; but the difficulties of cerebral physiology are such that we might be 
led in speaking of the brain to make a statement which would have a 
parallel in the assertion that the leg was ‘the seat of reflex micturition.* 
Difficulties such as these are far more likely to occur in cases of disease 
than in those of operative interference; and it is this which renders 
caution so necessary in the physiological handling of clinical facts. For 
instance, because right hemiplegia has been at times observed in cases 
of disease apparently limited to the right corpus striatum, it does not follow 
that the generally admitted connection, of which we shall speak directly, 
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between each corpus striatum and the opposite side of the body, is un- 
founded*. 

We may therefore be permitted to summarise very briefly what is 
actually known. 


Corpora Striata and Optic Thalami. 

The preceding discussions enable us to lay down two broad pro- 
positions: (1) The functions of the cerebral convolutions are eminently 
psychical in nature ; these parts of the brain intervene, and as far as 
we can judge, intervene only, in the operations of the nervous 
system as intellectual and volitional factors. (2) The hinder parts 
of the brain, viz. the corpora quadrigemina, crura cerebri, pons 
Varolii, cerebellum, and medulla oblongata, are capable by them- 
selves of carrying into execution complex movements, the coordina- 
tion of which implies very considerable elaboration of afferent 
impulses; they can do this even in the case of such mammals as 
the rabbit and the rat, in the total absence of the cerebral hemi- 
spheres, corpora striata, and optic thalami. These two latter bodies, 
often spoken of as 'the basal ganglia/ are undoubtedly the great 
means of communication between the cerebral hemispheres on the 
one hand and the crura cerebri on the other. Though some fibres® 
do pass from the crura by or through the ganglia to t" % cerebral convo- 
lutions without being connected with the nerve-cells of those ganglia, 
the great mass of the peduncular fibres are probably connected with 
the superficial grey matter of the hemispheres in an indirect manner 
only, the lower or anterior fibres (crusta) passing first into the 
corpora striata, and the upper or posterior fibres (tegmentum) into 
the optic thalami. This anatomical disposition would lead us to 
suppose that these bodies have important functions in mediating 
between the psychical operations of the cerebral convolutions on 
the one hand, and the sensori-motor machinery of the middle and 
hind brain on the other; and the separate courses taken by the 
peduncular fibres would further lead us to expect that the functions 
of the corpora striata differ fundamentally from those of the optic 
thalami. 

When in the human subject a lesion occurs involving both 
these bodies, on one side of the brain, the result is a loss of sensa- 
tion in, and voluntary power over, the opposite side of the body 
and face, a so-called hemiplegia, which may be absolutely com- 
plete without any impairment whatever of the intellectual faculties. 
The will and the power to receive impressions are present in their 
entirety, but neither efferent nor afferent impulses can make 
their way to or from the peripheral organs and the cerebral con- 
volutions. The injury to the basal ganglia blocks the way. In 

' Cf. Brown-S^qnard, Archive$ de Physiol, rr. (1877) p. 409 et eeq. 

* Quain’s Anatomy, 8th ed. n. 555. 
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the great majority of cases, the anaesthesia (or loss of sensation) and 
akinesia (or loss of movement) are absolutely confined to the opposite 
side of the body ; and the cases in which a lesion of the basal ganglia 
of one side of the brain affects the same side of the body or both 
sides, must be regarded as exceptional, and explicable as the results 
0# the action of one side of the brain on the other side of the brain 
or at least of some part of the nervous system. The results of ex- 
periments on animals agree entirely with the general experience 
of pathologists, that lesions of the corpora striata and optic thalami 
produce their effect on the opposite side of the body. Whatever be 
the view taken concerning the dccussatioix of sensory and motor 
impulses in the spinal cord, it must be admitted that both kinds of 
impulses cross over completely somewhere during their transmission 
to and from the basal ganglia and the peripheral organs. 

When however we have admitted that these bodies act, as it 
were, the part of middlemen between the cerebral convolutions and 
the rest of the brain, we have gone almost as far as facts will support 
us. We are not at present in a position to state dogmatically what 
is the nature of the mediation which eitlier body respectively effects. 
A very tempting hypothesis is one which suggests that the corpora 
striata are concerned in the downward transmission and elaboration 
of efferent volitional impulses, and the optic thalami in a similar 
upward transmission and elaboration of afferent sensory impulses ; 
and there are many facts which may be urged in favour of this view, 
which was first developed and expounded by Carpenter and Todd. 
So much acceptance indeed has it found, that many pathologists 
regard it as established, and speak confidently of the corpora striata 
as motor and the optic thalami as sensory ganglia. A careful review 
however of all the facts leads to the conclusion that this division 
of functions has not yet been clearly proved. 

The pathological evidence in this case, were it sharply defined and 
accordant, would be of unusual value; hut it is neither the one nor the 
other. A number of cases indeed may be cited to shew not only that 
lesions of a corpus striatum may be accom]>anied by akinesia without 
anjesthesia, but that lesions of an optic thalamus may cause anaesthesia 
without actual akinesia, that is without any further interference with 
the execution of voluntary movements than is occasioned by the loss of 
the coordinating sensations. Of these two classes of cases, the latter is 
the more valuable, since all clinical experience shews that any lesion more 
readily interferes with volitional movements than with the reception of 
sensory impressions. Convulsions are not common when the lesions are 
confined to these bodies; but when witnessed they can generally be 
referred to the corpora striata rather than to the optic thalami ; like the 
paralysis, the convulsions are generally limited to the opposite side of the 
body, though feeble movements may occasionally be seen on the same 
side as well. On the other hand, numerous cases have been recorded 
where an injury apparently confined to one corpus striatum has had as 
part of its results anaesthesia of the opposite side of the body; and others 
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where disease apparentlj confined to an optic thalamus has caused loss of 
movement as w w as of sensation. 

Experiments on animals, though very valuable as regards the investi- 
gation of movements, are imperfect means of studying the phenomena of 
conscious sensations. We have already seen that crude unelaborated 
sensations may originate in an animal deprived of its cerebral hemi- 
spheres; and it becomes a matter of great difficulty to disentangle the 
evidences of these primitive sensations from those of the higher psychical 
perceptions. Moreover we do not, at present, atVll know to what an 
extent the larger development of the cerebral hemispheres in man has 
infiuenced the ordinary functions of the other parts of the brain. It 
may be that important functions which in the rabbit belong to the middle 
and hind brain have, in man, almost disappeared in order to make these 
structures more useful servants of the cerebral hemispheres. It may be, 
however, that the greater activity of the convolutions has simply in- 
creased the ordinary labours of the middle and hind brain. We cannot 
at present say which effect has resulted; but meanwhile great caution 
ought to be exercised in drawing inferences from experiments on a rabbit, 
or on a dog, as to what are the functions of the corresponding parts of 
the human brain. 

Ferrier* observed that when the coi’pora striata were stimulated 
with an interrupted current, convulsive movements of the opposite 
side of the body took place ; the animal, when the stimulus was power- 
ful, being thrown into complete pleurosthotonus, the side of the body 
opposite to the side of the brain stimulated being |prcibly drawn into an 
arch. The localized movements observed by Burden Sanderson (p. 505) 
were lost in the general convulsions caused by the galvanic current af- 
fecting a large portion of the organ. When, on the other hand, the optic 
thalami were similarly stimulated, no such convulsions were observ'ed. 
On this point Carville and Duret's* observations are in accordance 
with those of Ferrier ; and the results, as far as they go, appear at first 
sight to be in accordance with the theory of the exclusively motor functions 
of the corpora striata, and the exclusively sensory functions of the optic 
thalami. But it would obviously be rash to draw any such conclusion 
directly fit)m them, since, if the optic thalamus is concern^ in the transmis- 
sion and elaboration of sensory impulses, the application of the galvanic 
current to it ought, by discharging a number of sensory impulses, to give 
rise to movements of some l^d or other, and not to be characterized 
by the absence of all effects. Moreover any such inference is op])osed 
by the results of Nothnagel’s® experiments. This observer destroyed 
by injection of chromic acid both imclei lmtimla/re8 (the extra-ventri- 
cular portions of the corpora striata) of the rabbit, with the result 
of bringing the animal almost exactly into the same condition as if 
both its cerebral hemi 82 )heres had been removed. When, on the 
other hand, by the help of a special instrument, he succeeded in de- 
stroying both optic thalami without any other injury to the brain, 
no obvious effects followed; there were no signs of either loss of 
volition or of sensation, nothing in fact could be noticed except a 
rather peculiar disposition of the limba When the nuclei lenticulares 


^ Op. ciU * Op. cit. 

» Op. eit. Ibid. Bd. 68 (1873), p. 420; Bd. 60 (1874), p. 129; Bd. 62 (1876), p. 201. 
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were destroyed there was no apparent loss of sensation, that is to say 
the animal readily moved when stimulated by pinching the skin, <fec.j 
but it was impossible to tell whether sensory impulses reached the 
cerebral oonvolutions, since no manifestations whatever of the condition 
of the convolutions were possible. The animal might have felt acutely, 
and yet have been unable, from the loss of the appropriate motor 
tracts, to express itself ; or it might have been as incapable of the higher 
psychical feeling as it was of executing spontaneous movements. The 
phenomena resulting from destruction of the nuclei lenticulares admit 
of no clear proof in either direction. The fact, however, that voluntary 
movements continued as usual after complete destruction of the optic 
thalami, goes far to prove, that in the rabbit at least, these bodies are not 
the only means by which sensory impulses pass to the cerebral convolu- 
tions. Even admitting (as indeed in the case of man we must do, 
seeing that the general ansesthesia following upon lesions of the corpora 
striata, or optic thalami, is not necessarily accompanied by blindness or 
loss of any other special sense) that the specific impulses of vision and 
the other senses still reached the rabbit’s convolutions ; yet the initiation, 
and hence the general character of the animal’s movements, must have been 
influenced by the total absence of all psychical tactile sensations, though, 
in consequence of the coordinating mechanisms of the hinder brain being 
still intact, their coordination might still have been carried out. Apparently 
however this was not the case : the movements did not in any way betray 
the loss of any factors. 

Lussana and Lemoigne who regard the optic thalami as motor centres 
for the lateral movements of the anterior limbs (a lesion of one optic 
thalamus paralysing the adduction of the forelimb of the corresponding 
and the abduction of that of the opposite side), saw no evidence of any 
loss of general sensibility or signs of pain to result from injuries to these 
bodies, and no movements to result from stimulation of other than their 
deep parts. After a lesion however of the optic thalamus of one side they 
invariably found blindness in the opposite eye. 

Oarville and Duret® found that in the dog section of the internal 
capsule, or expansion of fibres passing between the nucleus lenti- 
cularis and optic thalamus, in the anterior part of its course where 
it passes between the nucleus lenticularis and the nucleus caudatus, led 
to hemiplegic loss of voluntary movement on the opposite side, though 
stimulation of the paralysed limb still gave rise to reflex movements. 
When the section was carried through the posterior part of the expansion, 
between the nucleus lenticulaiis and optic thalamus, the loss of voluntary 
movement on the opposite side of the body was accompanied by loss of 
sensation, i,€. when the paralys(d limbs were pinch^, no responsive 
I'eflex movements followed. It is hazardous, however, to draw from these 
exi>eriments any positive conclusions. 

Nothnagel® observed that in the rabbit voluntary movements still 
persisted after destruction of both nuclei caudati ; in this respect 
these portions of the corpora striata presented a marked contrast to the 
nuclei lenticulares. Nevertheless destruction of one nucleus caudatus 

1 Fisiologia dei centri nervoH encefalici, 1871, and Archives de Physiologic^ iv. (1877) 
p. 119 et Beq. 

“ Op, ciU * Op. ciU 

F. P. 
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frequently induced a certain amount of paralysie of the opposite side of 
the body, which disappeared after removal of the nucleus caudatus of the 
other side; and as we have already stated, destruction or injury to a 
particular part of the nucleus caudatus, viz. the so-called nodus cursorius, 
gave rise to remarkable forced movements, which made their appearance 
even after the previous removal of the nuclei lenticulares. The injecticn 
of chromic acid into other parts of the nucleus caudatus also frequently 
caused for a while forced movements, either straight forward, or of the 
circus kind, which differed from those witnessed by older observers in 
operations on the corpora striata after removal of the hemispheres, inas- 
much as they were executed by an animal still possessing intelligence, and 
frequently striving to avoid obstacles. 

It is impossible at present to give a satisfactory explanation of all 
these varied and frequently inconstant phenomena, but it may be worth 
while to return again to the possibility of consideiing some at least of 
the phenomena as inhibitory effects. The fact that the paralysis, curva- 
ture of the body, and the circus movements resulting from lesion to 
one nucleus caudatus or nucleus lenticularis, disappear when the same 
body on the other side is removed, warns us against too hastily assuming 
that a loss or diminution of voluntaiy power means nothing more than 
a break in the transmission of volitional impulses ; it may mean that, but 
it may mean also the development of nervous actions having inhibitory 
effects. In the experiment of Carville and Duret quoted above, pinching 
the left hind limb after section of the right internal capsule produced no 
reflex action whatever. Now it is absurd to fc ^pose that in t^his case 
the reflex centre was removed, or any part of a veiitable reflex chain 
broken, because, as we know, pinching the hind limb will produce a reflex 
movement, provided only a portion of the lumbar cord be left intact ant 
functional. There must in this cas^e have been inhibition of the lumbai 
reflex centres ; and if of these, why not of many other reflex and othe 
centres as well? Especially in pathological cases does it become a matte 
of serious importance to inquire how far the varied phenomena of akinesi 
and anajsthetic paralysis are due to the positive influences of inhibitor 
agencies, and not the merely negative results of a break in the nervou 
chain. , 

Corpora Qmdrigemina. 

Wc have already seen that the centre of coordination for tl 
movenaents of the eyeballs (p. 448) and that for the contraction of tl 
pupil (p. 406), lie in the nates or anterior tubercles of the corpo 
quadrigemina. These two centres are associated together in su( 
a way that when the eyeballs are directed inwards and downwarc 
as for near vision, the pupils are at the same time contracted, ai 
when the eyeballs are directed upwards, and return to parallelis 
the pupils are dilated to a corresponding extent. When the e) 
balls are moved sideways the pupils remain unchanged \ This 
the case when the movements of the eyeballs are brought about 
direct stimulation of various parts of the nates ; hence the assoc 

1 Adamuk, CbU med* Wi$$. 1870, p. 65. 
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tion of the movementB of the pupil and the ocular muscles is de- 
termined by the structure relations of their respective centres, and 
is not simply psychical in its nature. 

Knoll*, in opposition to Flourens, Budge and others, maintains that 
‘removal of the corpora quacMgemina in rabbits does not do away with the 
reflex contraction of the pupil, unless the optic tract be injured at the same 
time ; and from that infers that the centre of the pupillary contraction is 
not situate in the nates. He does not however state where the centre 
is placed, and his results are in contradiction with the later ones of 
Adamuk. Adamuk aflirms that, while stimulation of the anterior tubei^ 
cles simply causes movements in the eyeballs with associated pupillary 
changes, stimulation of the posterior tubercles or testes, especially in the 
middle, causes dilation of the pupil with a peculiar starting of the eyes, 
which however maintain their parallelism. Knoll had observed the same 
dilation, and found that it ceased to appear after section of the sym- 
pathetic in the neck; according to him, however, the effect is produced by 
stimulating the nates, and is most marked on the same side. 

Flourens observed that unilateral extirpation of the corpora quad- 
rigemina in mammals or of the optic lobes in birds produced blind- 
ness in the opposite eye ; and the same result has been gained by all 
subsequent observers • We have seen moreover that both frogs, 
birds, and mammals continue to receive and react upon visual 
impressions after the total removal of the cerebral hemispheres. 
From these facts we infer that visual sensory impulses become 
transformed into visual sensations in the comora quadrigemina ; 
or, in other words, that these nervous structures are centres of sight. 
But they are so in a limited sense only. We have seen that 
destruction or injury of the cerebral hemispheres profoui dly affects 
vision. In the absence of the cerebral convolutions, a crude vision, 
devoid of distinct visual perceptions, is probably all that is possible. 
Vision in^fact, beginning in the retina, is partially elaborated in the 
corpora quadrigemina and possibly in the optic thalami®, but does 
not become completely developed until the cerebral convolutions 
have been called into operation. 

Since unilateral destruction of the corpora quadrigemina entails blindness 
of the opposite eye, and apparently does not affect at all the visual sensory 
impulses originating in the eye of the same side, it is obvious that a com- 
plete decussation of the sensory impulses must take place before the centre 
is reached. In man, the generaUy accepted opinion teaches that the decussa- 
tion of the optic fibres in the chiasma though large is not complete, and hence 
that some crossing must take place in fiie brain. Biesiadecki^, however, 
states that in the rabbit the decussation in the chiasma is complete, and 
Mandelstamm^ affirms the same for man. Attempts have been made to 

1 Eokhard’s BeitTHge^ rr. (1869) p. 109. 

* MoKendriok, Trans, Roy, Soc, Ed,t 1873. 

* Lussana and Lemoigne, op, eit, 

^ Molesohott*B Untmuch, vixi. (1862) 156, 

» Cbt, med. Wiss, 1878, p. 389. 
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frequently induced a certain amount of paralysis of the opposite side of 
the body, which disappeared after removal of the nucleus caudatus of the 
other side; and as we have ah'eady stated, destruction or injury to a 
particular part of the nucleus caudatus, viz. the sooalled nodus cursorius, 
gave rise to remarkable forced movements, which made their appearance 
even after the previous removal of the nuclei lenticulares. The injection 
of chromic acid into other parts of the nucleus caudatus also frequently 
caused for a while forced movements, either straight forward, or of the 
circus kind, which differed from those witnessed by older observers in 
operations on the corpora striata after removal of the hemispheres, inas- 
much as they were executed by an animal still possessing intelligence, and 
frequently striving to avoid obstacles. 

It is impossible at present to give a satisfactory explanation of all 
these varied and frequently inconstant phenomena, but it may be worth 
while to return again to the possibility of considering some at least of 
the phenomena as inhibitory effects. The fact that the paralysis, curva- 
ture of the body, and the circus movements resulting from lesion to 
one nucleus caudatus or nucleus lenticularis, disappear when the same 
body on the other side is removed, warns us against too hastily assuming 
that a loss or diminution of voluntaiy power means nothing more than 
a break in the transmission of volitional impulses ; it may mean that, but 
it may mean also the development of neivous actions having inhibitory 
effects. In the experiment of Carvillo and Duret quoted above, pinching 
the left hind limb after section of the right internal cai)sule produced no 
reflex action whatever. Kow it is absurd to suppo ^ that in this case 
the reflex centre was removed, or any pait of a veritable reflex chain 
broken, because, as we know, pinching the hind limb will produce a reflex 
movement, provided only a portion of the lumbar cord be left intact and 
functional. There must in this caj^e have been inhibition of the lumbar 
reflex centres ; and if of these, why not of many other reflex and other 
centres as well? Especially in pathological cases does it become a matter 
of serious importance to inquire how far the varied phenomena of akinesic 
and anjesthetic paralysis are due to the positive influences of inhibitory 
agencies, and not the merely negative results of a break in the nervous 
chain. ^ 

Corpora Quadrigemina. 

We have already seen that the centre of coordination for the 
movements of the eyeballs (p. 443) and that for the contraction of the 
pupil (p. 406), lie in the nates or anterior tubercles of the corpora 
quadrigemina. These two centres are associated together in such 
a way that when the eyeballs are directed inwards and downwards, 
as for near vision, the pupils are at the same time contracted, and 
when the eyeballs are directed upwards, and return to parallelism, 
the pupils are dilated to a corresponding extent. When the eye- 
balls are moved sideways the pimils remain unchanged \ This is 
the case when the movements of the eyeballs are brought about by 
direct stimulation of various parts of the nates ; hence the associa- 

1 Adamuk, ChU med. Win, 1870, p. 66. 
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tion of the movements of the pupil and the ocular muscles is de- 
termined by the structural relations of their respective centres, and 
is not simply psychical in its nature. 

Knoll*, in opposition to Flouren^ Budge and others, maintains that 
^removal of the corpora quadrigemina in rabbits does not do away with the 
reflex contraction of the pupil, unless the optic tract be injured at the same 
time; and from that infers that the centre of the pupillary contraction is 
not situate in the nates. He does not however state where the centre 
is placed, and his results are in contradiction with the later ones of 
Adamuk. Adamtik affirms that, while stimulation of the anterior tuber- 
cles simply causes movements in the eyeballs with associated pupillary 
changes, stimulation of the posterior tubercles or testes, especially in the 
middle, causes dilation of the pupil with a peculiar starting of the eyes, 
which however maintain their parallelism. Knoll had observed the same 
dilation, and found that it ceased to appear after section of the sym- 
pathetic in the neck ; according to him, however, the efiect is produced by 
stimulating the nates, and is most marked on the same side. 

Flourens observed that unilateral extirpation of the corpora quad- 
rigemina in mammals or of the optic lobes in birds produced blind- 
ness in the opposite eye ; and the same result has been gained by all 
subsequent observers . We have seen moreover that both frogs, 
birds, and mammals continue to receive and react upon visual 
impressions after the total removal of the cerebral hemispheres. 
From these facts we infer that visual sensory impulses become 
transformed into visual sensations in the coroora quadrigemina; 
or, in other words, that these nervous structures are centres of sight. 
But they are so in a limited sense only. We have seen that 
destruction or injury of the cerebral hemispheres profoui dly affects 
vision. In the absence of the cerebral convolutions, a crude vision, 
devoid of distinct visual perceptions, is probably all that is possible. 
Vision in^fact, beginning in the retina, is partially elaborated in the 
corpora quadrigemina and possibly in the optic thalami®, but does 
not become completely developed until the cerebral convolutions 
have been called into operation. 

Since unilateral destruction of the corpora quadrigemina entails blindness 
of the opposite eye, and apparently does not affect at all the visual sensory 
impulses originating in the eye of the same side, it is obvious that a com- 
plete decussation of the sensory impulses must take place before the centre 
is reached. In man, the generally accepted opinion teaches that the decussa- 
tion of the optic fibres in the chiasma though large is not complete, and hence 
that some crossing must take place in the brain. Biesiadecki^ however, 
states that in the rabbit the decussation in the chiasma is complete, and 
Mandelstaimn* affirms the same for man* Attempts have been made to 

1 Eckhard’s Beitrdge^ iv, (1869) p. 109. 

* MoKeudriok, Trans. Boy. Soc, Ed.t 1873. 

> Lussana and Lemoigne, op. cit. 

^ Mole8ohott*8 VnUrBuch, vin. (1862) 156. 

® Cbt. med. Wi$8, 1878, p. 389. 
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explain the curious phenomena of hemiopia, in which portions of the 
retinsB of the two eyes are insensible to light, by reference to morbid 
changes affecting particular parts of the chiasma, according to the variety 
of the hemiopia; but it is possible^ if not probable, that the cause is some- 
times situate in the brain itself , 

Flourens and subsequent observers noticed that injury or 
removal of the corpora quadrigemina on one side frequently caused 
forced movements, and that removal of the whole mass led to great 
want of coordination. These results are quite in harmony with the 
feet mentioned above concerning the coordinating functions of the 
optic lobes in frogs. But at present wo have no exact knowledge 
concerning the nature of the coordination, and what relations are 
borne in this respect by the corpora quadrigemina to the cerebellum, 
crura cerebri, and pons Varolii. 

Flourens in many cases entirely removed the corpora bigemina from 
birds without any incoordination or disturbance of movements I’esulting, 
though they were seen by McKendrick in pigeons and by Ferrier in 
rabbits and monkeys. It has been urged however by many (Schiff) 
that when such phenomena do occur after removal of the corpora quadri- 
gemina, they are the result of coincident injury to the imderlying crura 
cerebri Adamuk' observed in rabbits that galvanic stimulation of the 
posterior tubercles, in contrast to the anterior tubercle produced move- 
ments of the animal, though Knoll observed no such ehect. Ferrier* saw 
various movements follow upon stimulation of the surface of the corpora 
quadiigemina with the interrupted current. Flourens found that while 
mechanical stimulation of the surface of these bodies produced no effect, 
deep puncture caused various movements, which he attributed to stimula- 
tion of the crura cerebri beneath. This suggests that the movements 
caused by galvanic stimulation are due to escape of current, and we here 
meet with the same difficulty that was experienced in dealing with the 
cerebral convolutions. Ferrier states that with even a modei^ely strong 
current the movements may be so violent as to merge into a general opis- 
thotonus. He also observed that stimulation of the posterior tubercles 
was followed by marked and distinct cries, affording a curious parallel to 
the croaking produced by reflex stimulation in frogs, the seat of which is in 
the optic lobes. Lussana and Lemoigne® also observed a ciy invariably 
to follow upon section of the corpora quadrigemina and superior peduncles 
of the cerebellum (processus cerebelli ad testes), though no loss of sensibility 
could be detected as resulting from the operation. These observers assert 
that section of the superior peduncles paralyses the muscles of the trunk of 
the opposite side and thus leads to the vertebral column being arched 
towards the same side, and to ‘circus’ movements. According to Valentin, 
Budge, and others, stimulation of the corpora quadrigemina, or of the 
optic lobes, produces movements in the oesophagus, stomach, and other 
parts of the alimentary canal, and in the urinaiy bladder. In such cases 
the stimulation must have an indirect effect on the centres of the above 
movements, which, as we have seen, are situate in the medulla and lumbar 


1 Op. cit, 
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wrd respectively. Danilewsl^, junr.^ and Ferrier have observed changes 
in the blood-pressure and respiration follow upon stunulation of the corpora 
quadrigemina^ as of other parts of the brain. 

Cerebellvm. 

We have already referred to the cerebellum as being probably 
concerned in the coordination of movements. Flourens observed 
that when a small portion of the cerebellum was removed from 
a pigeon, the animaVs gait became unsteady, when larger portions 
were taken away its movements became much more disorderly, and 
when the whole of the organ was removed an almost total loss of 
coordination supervened. Other observers have obtained similar 
results in other animals; and it has in general been found that 
lateral or unsymmetrical lesions and incisions produce a greater 
effect than those which are median or symmetric^. Section of the 
middle peduncle on one side almost invariably gives rise to a forced 
movement, the animal rapidly rolling round its own longitudinal 
axis ; the rotation is generally though not always towards the side 
operated on; and is accompanied by nystagmus, i.e. by peculiar 
rolling movements of the eyes suggestive of vertigo ; frequently one 
eye is moved in one direction, e.g. inwards and downwards, and the 
other in a different or opposite direction, e»g» outwards and upwards. 
The clinical evidence is discordant, for though unsteadiness of gait 
has been frequently witnessed in cases of cerebellar disease, many 
histories have been recorded in which extensive disease, amounting 
at times to almost complete destruction, of the cerebellum has 
existed without any obvious disturbance of the coordination of move- 
ments. Still the experimental evidence is so strong, that we must 
consider the cerebellum as an important organ of coordination, though 
we are unable at present to define its functions more exactly. It is 
probable, but not proved, that its functions are especially connected 
with the afferent impulses proceeding from the semicircular canals. 

Observers are not agreed as to how far the loss of coordination which 
follows upon lesion or removal of part of the cerebellum is temporary or 
permanent. Flourens found that, when the portion removed was small, 
the disorderly movements which at first appeared eventually vanished, but 
when a largo portion was removed the loss of coordination became per- 
manent. These results are capable of interpretation on the view that the 
coordinating mechanism is situated in the deeper structures, and hence, 
while completely removed by the deeper incisions, are only temporarily 
paralysed by the shock of the slighter operations. Hitzig and Ferrier find 
that injury to or removal of the lateral lobe produces the same forced 
movements as section of the middle peduncla Flourens and othera have 
observed that, while lateral injury gave rise to lateral movements, injury to 
the anterior or posterior mediw portions caused the animal to fall forwards 
and backwards respectively. Nothnagel* has been led from his experiments 

» Pfliiger’B Arehiv, xi. (1875) 128. 

1 VirSow's AreMv, Bd. 68, (1876) p. 38. 
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on rabbits to the conclusion that the lesions which determine a loss of 
coordination are those which result in a solution of continuitj between the 
two sides of the oi^gan, the loss of even an entire half having, according to 
him, no such effect Ferrier finds that stimulation of the cerebellar 
surface hj the interrupted current causes in monkeys, dogs, and cats, 
movementB of both eyes with associated movements of ^e head and limbs, 
and to a certain extent of the pupils. The eyes moved horizontally or 
vertically or obliquely, symmetrically or unsymmetrically, with or without 
rotation, according as the electrodes were applied to one or other portion 
of the surface. In fact the results were to a certain extent similar to 
those obtained by Adamuk on stimulating the corpora quadrigemina, but 
they cannot be wholly explained as simply due to escape of current, if, as 
Hitzig* asserts, very similar phenomena may be witnessed, not only with 
weaker currents, but even on mechanical stimulation. 

Nothnagel* also finds that mechanical stimulation of even the surface of 
the cerebellum gives rise, vrithout signs of pain being felt, to movements 
chiefly of the trunk and extremities and of those muscles which are governed 
by the facial, hypoglossal, and fifth nerves. These movements, which are de- 
veloped somewhat slowly, manifest themselves first on the side operated on, 
and then ceasing on that side make their appearance on the opposite sida 

Purkinje ob^rved long ago, that when a constant current of sufficient 
strength was sent through ihe head from ear to ear, a feeling of giddi- 
ness was experienced; external objects appearing to rotate in the direc- 
tion of the current, ^m right to left for instance when the anode was 
placed at the right ear, while at the same time the sulij ^ himself leant 
fix)m the left towards the right. Hitzig’ has more fully investigated and 
described the phenomena. When the current is sufficiently strong, remark- 
able movements of the eyes are seen to take place on &e current being 
made; these are varied, and partake somewhat of the nature of nystagmus. 
They consist of a rapid snatching movement in the direction of the current, 
and a slower return in the contrary direction, the eyes oscillating between 
the two. Sometimes the two eyes move together, sometimes they are 
dissociated. That neither the feeling of vertigo nor the movements of the 
body are dependent on abnormal visual sensations caused by the ocular 
movements, is shewn by the fact that they occur when the eyes are shut, 
and also in blind people ; and indeed the feeling of vertigo may be induced 
by a current too feeble to cause any abnormal movements of the eyeballs, 
llie application of the current when the eyes are shut gives rise to a 
sensation similar to that of sitting or standing in a carriage which is 
being turned over in the direction of the current, from right to left 
when the anode is placed at the right ear. When the current is broken, 
there is rebound of the phenomena in an opposite direction. The person 
now leans towards the kathode, and external objects seem to revolve from 
the kathode to the anode. All these phenomena are best explained by 
supposing that the current interferes with the cerebral coordinating mechan- 
ism, from which result, as efferent effects, the compensating movements 
of the body and of the eyes, the change in the mechanism at the same 
time so affecting consciousness as to produce a feeling of vertigo. Whether 
they are due to an anelectrotonio and katelectrotonic condition of the 
ampullar fibres of the respective auditory nerves, or are caused by the 

1 Op» HU * Op. eiU * Op. HU 
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action of the current on cerebellar or other structureB, must be left for 
the present undecided. 

Attempts have been made to connect the cerebellum with the 
sexual functions ; but there is no satisfactory evidence of any such 
relation. As we shall see later on, the nervous centres connected 
with the sexual and generative organs are seated, in the case of dogs 
at least and probably of all animals, in the lumbar spinal cord ; and 
all or nearly all sexual phenomena may be witnessed in animals, the 
lumbar spinal cords of which have been isolated by section from the 
rest of the cerebro-spinal system. Galvanic stimulation of the cere- 
bellum produces no change in the generative organs, and when 
erection of the penis is caused by emotions, the tract connecting 
the cerebral convolutions with the erection-centre in the spinal cord 
passes straight along the crura cerebri and medulla, for Eckhard^ 
has observed that stimulation of these parts in the dog will produce 
erection. 

Eckhard has brought forward facts to shew that lesions of certain parts 
of the cerebellum, like those of certain parts of the medulla oblongata, 
cause either diabetes or simple hydniria. 

According to Budge, stimulation of the cerebellum produces peristaltic 
movements in the (esophagus and stomach ; and Schiff observed inflammar 
tion of the intestine with hmmorrhage after lesions of the peduncles of the 
cerebellum. 


Crura Cerebri and Pons Varolii. 

Though from the grey matter abundant in both these organs we 
may infer that they possess important functions, we hardly know 
more concerning them than that the former serve as the great means 
of communication between the spinal cord and the higher parts of 
the brain, and that both are intimately connected with the coordi- 
nation of movements, since either forced or disorderly movements 
are the frequent results of section of either of them ; and as we have 
seen, the possession of these parts, in the absence of the cerebral 
hemispheres, and even of the corpora striata and optic thalami, is 
sufficient to cany out the most complex bodily movements. 

Since the paralysis of the face seen in cases of liemiplegia from 
disease of the corpus striatum is on the same side as that of the body, 
it follows that the impulses proceeding along the cranial nerves cross 
over like those of the spinal nerves. Hence when paralysis of the face 
occurs on the opposite side to that of the body, it may be inferred 
that the injury or disease has affected the cranial nerve (or nerves) 
in a part of its course before decussation has taken place ; and patho- 
logical observations support this view, unilateral disease or injury of 
the pons Varolii not unfrequently involving the facial nerve of the 
same side in its comparatively superficial course, and so causing 

^ Beitrdge^ vn. (1873) 67. 



620 


MEDULLA OBLONOATA. 


[Bookitl 


paralysis of the muscles of the same side of the face as the disease, 
and the opposite side to the paralysis of the limbs. It is probable 
that the decussation which we have seen to begin in the spinal cord, 
is gradually , completed as the impulses pass through the medulla 
and pons Varolii. Against the view of those who maintain that 
volitional impulses cross suddenly and completely at the decussation 
of the pyramids, may be urged the fact that a longitudinal section 
through the decussation does not entail loss of voluntary movements 
on both sides of the body, as it ought to do if the volitional impulses 
crossed completely at this spot. Moreover, according to 7ulpian, the 
loss of voluntaiy movement which follows upon a unilateral section 
of the medulla is not confined entirely to one side of the body. 

Medulla Oblongata. 

We have so often spoken of this link between the brain and the 
spinal cord, that it is hardly necessary here to do more than recall the 
fact, that the majority of the * centres ’ for various organic functions 
are situated in it. 

These we may briefly recapitulate as follows : 1. The respiratory 
centre (p. 289), with its neighbouring convulsive centre (p. 302). It 
may here be remarked that just as venous blood readily excites 
the convulsive centre, but will not otherwise pro^'|ce convulsions, 
so certain poisons may produce tetanus by acting on the convul- 
sive centre alone. Such a poison is picrotoxine; in the absence 
of the medulla it causes no tetanic spasms, in this respect differing 
markedly from strychnia. 2. The vaso-motor centre (p. 158). 3. The 
cardio-inhibitory centre (p. 147). 4. The diabetic centre, or centre for 
the production of artificial diabetes (p. 337). 5. The centre for deglu- 

tition (p. 227). 6. The centre for the movements of the oesophagus 
and stomach (p. 231), with its allied vomiting centre (p. 237). 7. The 
centre for reflex excitation of the secretion of the saliva (p. 206), 
with which may be associated the centre through which the vagus 
influences the secretion of pancreatic juice (p. 216), and possibly of the 
other digestive juices. 8. The centre for the dilation of the pupil 
by means of the cervical sympathetic. 

In the frog, as we have urged, p. 490, the medulla is undoubt- 
edly largely concerned in the coordination of movements, and it is 
exceedingly probable that in the mammal a considerable portion of 
work of this kind falls to its lot. 

In conclusion, we may call attention to the fact, that of the 
whole brain certain parts respond easily, by various movements in 
different parts of the body, to mechanical or other stimuli applied 
directly to them, while others will not. The former are consequently 
spoken of as sensitive, and together form what has been c^ed an 
excito-motor centre ; they are the (deep parts of) the corpora quad- 
rigemina, the crura cerebri, the pons Varolii, the (deep parts of) the 
cerebellum, and the medulla. The latter are spoken of as insensitive ; 
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they are the cerebral hemispheres including the corpora striata and 
optic thalami (and the superficial portions of the cerebellum (?) and 
corpora quadrigemina). In view of the results obtained by electrical 
stimulation of the cerebral convolutions and other parts, this distinc- 
tion cannot however be regarded as important. 

Sec. 6. On the Rapidity op Cerebral Operations. 

We have already seen (p. 478) that a considerable time is taken up 
in a purely reflex act, such as that of winking, though this is perhaps the 
most rapid form of reflex movement. When the movement which is 
executed in response to a stimulus involves mental operations a still 
longer time is needed ; and the interval between the application of the 
stimulus and the commencement of the muscular contraction varies ac- 
cording to the nature of the mental labour involved. 

The simplest case is that in which a person makes a signal immediately 
that he perceives a stimulus, ex. gr . closes or opens a galvanic circuit the 
moment that ho feels an induction shock applied to the skin, or sees a 
flash of light, or hears a sound. By arrangements similar to those em- 
ployed in measuring the velocity of nervous impulses, the moment of the 
application of the stimulus and the moment of the making of the signal 
are both recorded on the same travelling surface, and the interval between 
them is carefully measured. This interval, which has been called by Exner 
‘the reaction period,^ consists of three portions; (1) the passage of afferent 
impulses from the perii)heral sensory organ to the central nervous system, 
including the generation of the impulses in the sensory organ, (2) the 
transformation by psychical operations of the afferent into efferent im- 
pulses, and (3) the passage of the efferent impulses to the muscles, including 
the latent period of the muscular contractions. If the time required for 
the first and third of these events be deducted from the whole, the 
‘reduced reaction period* as it may bo called, gives the time taken up 
exclusively by the operations going on in the central nervous system. 

The reaction period, both reduced and unreduced, varies according to 
the nature and disposition of the peripheral organs stimulated. The reaction 
period of vision has long been known to astronomers. It was early found 
that when two observers were watching the appearance of the same star, 
a considerable discrepancy existed between their respective reaction periods ; 
and the difference, which varied from time to time according to the 
personal conditions of the observers, was called ‘the personal equation.* 
Thus the personal equation between the celebrated astronomers Struve 
and Bessel varied between the years 1814 and 1834 from *04 to 1-02 sec., 
the reaction period of Struve being so much longer than that of Bessel. 
These figures, however, are not to be compared with those which will be 
given immediately, inasmuch as several complications wore introduced 
by the method of observation. 

Exner* has carefully determined the reaction period of himself and 
others with different stimuli, and under various circumstances. When the 
stimulus was an induction shock thrown into the skin of the left hand, the 


1 Pflttger*s ArchiVt vu. (1878) p. 601. 
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signal being made with the right hand, the reaction period Taried from *1337 
sec. in Exn«r himself to *3576, or even to *9952, in an obtuse individual. 
When the stimulus was applied in different ways, the signal always being 
made with the right hand, the results in Exner’s own case were as follows : 


Direct electrical stimulation of the retina *1139 

Electric riiook on the left hand *1283 

Sudden noise *1360 

Electric shock on the forehead *1374 

,, „ on the right hand *1390 

Visual impression from an electric spark *1506 

Electric shock on the toe of the left foot *1749 


Hence tactile sensations produced by the stimulus of an electrical shock 
applied to the skin are followed by a shorter reaction period than the 
auditory sensations ; but the period of these is in turn shorter than that 
of visual sensations produced by luminous objects, though the shoi^test 
period is that of visual sensations produced by direct electrical stimulation 
of the retina. Hirsch had previously arrived at similar results, and 
Donders * had similarly determined the reaction period or physiological time, 
as he termed it, to be, roughly speaking, for feeling |^th, for hearing J-th, ancl 
for sight ^th of a second. Von Wittich* found the reaction j)eriod to be 
*167 sec., when the application of a constant current to the tongue pro- 
duced a gustatoiy sensation. Vintschgau and Honigschmied^ determined 
the reaction period of taste to be for salines *1598 sec, for sugar *1639, 
acids *1676, and quinine *2351. Even with the same temulus, the re- 
action period will vaiy according to the condition of tho individual. Exner 
found that while strong tea had no obvious effect, two glasses of Ehine 
wine lengthened the period from *1904 to *2969. 

The calculations involved in * reducing’ the reaction period are obviously 
open to much error ; Exner’s own reduced period was *0828, that of the 
obtuse individual quoted above *3050 and *9426 ; that is to say, an intelli- 
gent person takes less than of a second to perceive and to will. If the 
whole reaction period of the case when the retina was directly stimulated be 
deducted from the |>eriod of the case when a luminous object was used to 
create visual impressions, the difference (*0367 sec.) would indicate the 
latent period of luminous stimulation of the retina; but it is doubtful 
whether any great dependence can be placed on such a calculation. 

In all the above instances a single stimulus was used, and all that tho 
person experimented on had to do was to perceive the stimulus, and to make 
an effort in accordance. If, however, the stimulus, instead of being applied 
to a part of the body determined by previous arrangement, as for 
instance to the left foot, were applied either to the left or the right 
foot, without the person being told which it was to be, and it was arranged 
that he should make a signal when the left foot, but not when the right 
foot was stimulated, additional mental exertions would be necessary; 
and Bonders^ found that in such a case the reaction period was con- 
siderably prolonged. The following table gives the difference between 
a simple reaction period, and one in which a mental decision has to 

1 Beichert and Da Bois-Beymond’s Archive 1866, p. 657. 

* ZU Eat Med. (8) zzxi. p. 118, « Pfluger’s Archiv, x. (1875) p. 1. 

♦ Op. cit. 
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be oarried out before the voluntary effort to make the signal is initiated, 
t. e, gives the time required for the person to ^make up his mind’ in 
aooordance with the nature of the sensation which he receives; this it 
will be seen is, roughly speaking, from ^ to ^th of a second. 


Dilemma between two spots of the skin, right and left foot stimulated 

by an induction shock *066 

Dilemma of visual sensations between two colours, suddenly presented 
to the view ; signal to bo made on seeing one but not on seeing 

the other *184 

Dilemma between two letters : signal to be made on seeing one only *166 
Dilemma between five letters ; signal to be made on seeing one only *170 
Dilemma of auditory sensations : two vowels suddenly sung ; signal 

to be made on hearing one only *056 

Dilemma between five vowels : signal to be made on hearing one only *088 


Sec. 6. The Cbanial Nerves. 

Though we have incidentally dwelt on the functions of all these 
nerves, it may be as well to recapitulate them in a tabular form. 

1. Olfactory. Nerve of smell. 

2. Optic, Nerve of sight. 

3. Oculo^-motor. Motor nerve to the levator palpebrae superioris 
and all the muscles of the eye, except the obliquus superior and the 
external rectus. Efferent nerve for the contraction of the pupil and 
for the muscles of accommodation. Hence when the nerve is divided 
or otherwise paralysed the upper eyelid falls (ptosis) ; the eye, which 
is turned outwards, is capable of partial movements only, viz. such 
as can be produced by the rectus extemus and obliquus superior; 
when the head is moved, the eye moves with it, the inferior oblique 
not being able to execute the usual compensating movements of the 
eyeball ; the pupil is dilated, and the eye cannot accommodate for 
near distances. 

The root of the nerve shews recurrent sensibility, due to fibres from the 
fifth, but is otherwise a purely motor nerved 

4. Trochlear or Pathetic. Motor nerve to the obliquus superior. 
When the nerve is paralysed, no marked difference is observed in the 
position of the eye, but the patient sees double when he attempts to 
look straight forward or towards the paralysed side ; the images how- 
ever coalesce when he turns his head to the sound side. When the 
head is moved from side to side the eve moves with it, the usual 
compensating movement of the eye which accompanies the move- 
ments of the head failing in consequence of the superior oblique not 
acting. 

It is a purely motor nerve, but receives recurrent fibres from the fifth. 

I Scbiff, Lehrh. p. 376. 



624 


TEE CRANIAL NERVES. 


[Book hi. 


5. Tngeminus. A mixed efferent and afferent nerve, with distinct 
motor and sensory roots, the latter bearing the ganglion of Gasser. 

Efferent Fibres. Motor fibres to the muscles of mastication, 
temporal, masseter, two pterygoids (mylo-hyoid, anterior belly of di- 
gastric) and buccinator, to the tensor palati, and tensor tympanj ; 
vaso-motor fibres to various parts of the head and face ; secretory 
fibres to the lachrymal gland, and according to some authors to the 
parotid and submaxillary glands by fibres joining the facial. Trophic (?) 
fibres to eye, nose, and other parts of face, see p. 381, Efferent fibres 
for the dilation of the pupil, see p. 408. 

Afferent Fibres. General nerve of sensation of the skin of head 
and face, and of the mucous membrane of the mouth, except the 
back part of the tongue, the posterior pillars of the fauces, and a 
large part of the pharynx, these parts being supplied by the glosso- 
pharyngeal and vagus ; the back of the head is chiefly supplied by 
branches from the cranial nerves, and the external meatus and concha 
are supplied chiefly by the auricular branch of the vagus. Nerve of 
special sense of taste for the front part of the tongue, see p. 461. 

6. Ahducens. Motor nerve to the rectus externus. When the 
nerve is divided or otherwise paralysed, the eye is turned inwards. 

The abducens is joined by fibres coming from the cervical sympathetic ; 
when this nerve is divided in the neck, the action^ of the muscle is 
weakened. 

It probably also receives recurrent sensory fibres from the fifth. 

7. Facial. Motor nerve to the mucles of the face ; hence nerve 
of expression. Supplies also stylohyoid, digastric, buccinator, stape- 
dius, muscles of the external ear, platysma, some muscles of the palate, 
viz. the levator palati and probably others. Secretory nerve of sub- 
maxillaiy and parotid gland. Receives afferent possibly efferent 
fibres from trigeminus and also from vagus. According to Vulpian 
contains vaso-motor fibres for the tongue and side of the face. The 
effects of paralysis of the facial, from the inability of the orbicularis 
to close the eye, the drawing of the face to the sound side, and 
the smoothness of the paralysed side, are very striking. 

8. Auditory Nerve. Special nerve of hearing; afferent nerve 
for impulses other than auditory proceeding from the semicircular 
canals. 

9. Glosso-pharyngeal. Motor nerve for levator palati, azygos 
uvulae, stylo-pharyngeus, constrictor faucium medius. Special nerve 
of taste for the back of the tongue. General nerve of sensation for 
the root of the tongue, the soft palate, the pharynx (being here asso- 
ciated with the vagus), the Eustachian tube and the tympanum. 

10. Pnevmogastric. Vagus. 

Efferent Fibres. Motor nerve for the muscles of the soft palate 
and pharynx, for the movements of the oesophagus (see p. 230), of 
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the stomach (see p. 232), of the intestines (see p. 229), for the muscles 
of the larynx, possibly for the plain muscular fibres of the trachea 
and bronchial divisions. Inhibitory nerve of the heart. 

Afferent Fibres. Sensory nerve of the respiratory passages, and 
of the pharynx, oesophagus and stomach. Afferent nerve, augmenting 
and inhibiting, of the respiratory centre (see p. 290), afferent inhibitory 
nerve (depressor branch) of the medullary vaso-motor centre (see p. 
ICl), afferent nerve producing salivary secretion (see p. 209), inhi- 
biting pancreatic secretion (see p. 216). 

Section of the vagi in the neck causes death by pneumonia ; this has 
been regarded by some as an indication of * trophic ^ action, 

11. Spiml accessory. Motor nerve to the sterno-mastoid and 
trapezius muscles. It receives recurrent sensory fibres from the 
cervical nerves. Part of the spinal accessory blends with the pneu- 
mogastric, and the efferent effects (such as the movements of the 
larynx, pharynx, &c., and cardiac inhibition) of the united trunk 
seem to be largely due to the spinal accessory fibres contained in 
them. It is stated however that division of the spinal accessory 
before it joins the pneumogastric, docs not entirely do away with 
either swallowing or the movements of the larynx. In the move- 
ments of the oesophagus and stomach, brought about by the vagus 
acting as an efferent nerve, the accessory fibres seem to have no share. 
The cardiac inhibitory fibres seem to be distinctly of accessory origin. 

12. Hypoglossal. Motor nerve for the muscles of the tongjie, 
and for all the muscles connected with the hyoid bone except the 
digastric, stylo-hyoid, mylo-hyoid, and middle constrictor of the 
pharynx; it also supplies the sterno-thyroid. It receives sensory 
fibres from the fifth and vagus, and is also connected with the three 
upper cervical nerves as well as witli the sympathetic. 

To Charles Bell is due the merit of having made the fundamental 
discovery of the distinction between motor and sensory fibres. Led to 
this view by reflecting on the distribution of the nerves, he experimentally 
verified his conclusions by observing that while mechanical irritation of 
a posterior root gave rise to no movements in the muscles to which the 
nerve was distributed, these were very evident when the anterior root was 
pricked or pinched. He printed his views for private circulation in 1811, 
under the title of “ Idea of a Hew Anatomy of the Brain,” and communi- 
cated to the Boyal Society in July, 1821, a paper “On the Arrangement 
of the Herves.” In 1822 Majendie* shewed that section of the posterior 
root caused loss of sensation and section of the anterior root loss of motion : 
an observation no less epoch-making than that of Bell. Majendie was how- 
ever led by the phenomena, which we can now explain as due to recurrent 
sensibility or reflex action, to believe that the distinction between the two 
roots was partial only; and it was not till Johannes MUller* some years 
afterwards conducted experiments on frogs and made use of galvanic stimu- 

1 Journal de Physiol, n. p. 276. 

* Physiology^ Engl. ed. i. 691. 
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latioQ, that the doctrine of motor and sensory nerves became thoroughly 
established. The next great step was the establishment of the theory of 
Beflex Action. Although this important function of nervous centres was 
recognised dimly by older observers such as Whytt*, more closely defined by 
Prochaska*, and clearly grasped by Johannes Miillor in 1833, it was m- 
dependendy iliscovered in 1832 by Marshall Hall®; and it was owing *to 
the enthusiastic labours of the latter observer that the new doctrine was 
rapidly accepted and developed. Among the more important labours since 
that time may be mentioned the remarkable book of Flourens^ the work of 
Longet®, and the researches of Schiff®, Brown-S^quard^, and others. The 
work of Goltz® on the frog, though small, contains many valuable facts and 
suggestions ; and an admirable summaiy of the whole physiology of tlie 
nervous system is given by Yulpian®, to whom also we are indebted for 
many valuable observations. The chief of the more recent inquiries have 
been mentioned in the text. 

1 On the Vital and other Involuntary MovevnenU of Animals, 1751. 

* LehrsiHze am der Physiol, 1797. 

® More fully in Phil, Tram. 1833. 

^ Bech. Exp. 8ur les Propriety et les Fonctions du Systhne Nerveux, 1st ed. in 1824, 
2nd much enlarged and containing many new facts, in 1842. 

® Anat. et Phys. du Systhne NerveiiXt 1841. 

® Lehrb. d. Physiol, 1868. 

^ llech. et Exp. sur la Phys, de la moelle ipin. 1846, and numerous subsequent 
papers. 

® Peitrdge z. Lehre v, d. Functionen der Nerrencentren des Ff %sches. 1809, 

® Letjons sur la Phys. gin^rale et comparee du Systeme Nerve, jc, 1806. 
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SPECIAL MUSCULAR MECHANISMS. 


Sec. 1. The Voice. 

A BLAST of air, driven by a more or less prolonged expiratory 
movement, throws into vibrations two elastic membranes — ^the chord(B 
vocales. These impart their vibrations to the column of air above 
them, and so give rise to the sound which we call the voice. Since the 
sound is generated in the vocal cords, we may speak of them and of 
those parts of the larynx which decidedly affect their condition as con- 
stituting the essential vocal apparatus ; while the chamber above the 
vocal cords, comprising the ventricles of the larynx with the false 
vocal cords, the pharynx and the cavity of the mouth, the latter vary- 
ing much in form, constitute a subsidiary apparatus of the nature of a 
resonance-tube, modifying the sound originating in the vocal cords. 
In the voice, as in other sounds, we distinguish : (1) Loudness. This 
depends on the strength of the expiratory blast. (2) Pitch. This 
depends on the length and tension of the vocal cords. Their length 
may be regarded as constant, or varying only with age. It con- 
sequently determines the range only of the voice, and not the par- 
ticular note given out at any one time. The shrill voice of the child 
is determined by the shortness of the cords in infancy, and the voices 
of a soprano, tenor and baritone are all dependent on the respective 
lengths of their vocal cords. Their tension is on the contrary vari- 
able; and the chief problems connected with the voice refer to 
variations in the tension of the vocal cords. (3) Quality. This 
depends on the number and character of the overtones accompany- 
ing any fundamental note sounded, and is determined by a variety of 
circumstances, chief among which is the physical quality of the cords. 

The vocal cords, attached in front to the thyroid cartilage, end 
behind in the processus vocales of the arytenoid cartilages. Hence a 
distinction has been drawn between the rima vocalis, i. e, the opening 
bounded latterly by the vocal cords, and the rima respiratoria, or 
space between the arytenoid cartilages behind the processus vocales; 
these names however are not free from objections. In quiet breathing 
(fig. 64 B) the two form together a V-shaped space, which, as we have 
seen (p. 264), in deep inspiration is widened into a rhomboidal open- 
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ing bjr the divergence of the processus vocales (fig. 64 C). When a 
note IS about to be uttered, the vocal cords are by the approxima- 
tion of the processus vocales brought into a position parallel to each 
other, and the whole lima is narrowed (fig. 64 A). By their paral- 



Fio. 64. Thz IiAinmx ab bebs bt meaeb oe tbb Labtnoobcofe in biefebent oonbi- 
TICKS OF THB Glottis. (Froxu Quain’s Anatomy after Czermak.) 

A, while singing a high note ; B, in quiet breathing ; C. during a deep inspira- 
tion. The corresponding diagrammatic figures A'y (7, illustrate the changes 
in position of the arytenoid cartilages, and the form of the rima vocalis and 
rima respiratoria in the aboye three conditions. 

I the base of the tongue ; e the upper free part of the epiglottis ; e' the tubercle or 
cushion of the epiglottis ; pK part of the anterior wall of the pharynx behind 
the larynx ; w swelling in the aiyteno-epiglottidoan fold caused by the cartilage 
of Wrisberg ; s swelling caused by the cartilage of Santorini ; a the summit of 
the arytenoid cartilage ; cv the true Tocal cords ; cvs the false Tocal cords ; 
tr the trachea with its rings ; b the two bronchi at their commencement. 


lelism and by the narrowness of the interval between them the cords 
are rendered more susceptible of being thrown into vibration by a 
moderate blast of air. The problems we have to consider are, first, 
by what means are the cords brought near to each other or drawn 
asunder as occasion demands ; and secondly, by what means is the 
tension of the cords made to vary. We may speak of these two 
actions as narrowing or widening of the glottis, and tightening or 
relaxation of the vocal cords. 
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Karrowing of the Glottis. The change of form of the glottis is 
best understood when it is home in mind that each arytenoid cartilage 
is, when seen in horizontal section (Fig. 64), somewhat of the form 
of a triangle, with an internal or median, an external, and a posterior 
side, the processus vocalis being placed in the anterior angle at the 
junction of the median and external sides. When the cartilages 
are so placed that the processus vocales are approximated to each 
other, and the internal surfaces of the cartilages nearly parallel, the 
glottis is narrowed. When on the contrary the cartilages are wheeled 
round on the pivots of their articulations, so that the processus vo- 
cales diverge, and the internal surfaces of the cartilages form an angle 
with each other, the glottis is widened. 

There are several muscles forming together a group, which has 
been called by Henle the sphincter of the larynx. These are (1) the 
thyro-ary-epightticus^ proceeding from the inner surface of the thyroid 
cartilage and from the arytenoid epiglottidean ligament, and sweeping 
round the outer ridge of the arytenoid cartilage of its own side to be 
inserted into the processus muscularis of the arytenoid cartilage of 
the other side : (2) the thyro-arytenoideus externus, passing from the 
reentrant angle of the thyroid cartilage to be inserted into the outer 
edge of the arytenoid cartilage of the same side: (3) the thyro-ary^ 
tenoideus internus, passing from the angle of the thyroid cartilage to 
the processus vocalis and outer side of the arytenoid cartilage: (4) 
the arytmoidem (posticus)^ passing transversely from one arytenoid 
cartilage to another. All these muscles, when they act together, 
grasp round the glottis and tend to close it up : and each of them, 
acting alone, has, with the exception of the last named (arytenoideus), 
the same effect In addition to these, the crico-arytemideua lateralis^ 
which passes from the lateral border of the cricoid cartilage upwards 
and backwards to the outer angle of the arytenoid, by pulling this 
outer angle forwards throws the processus vocalis inwards, and so 
also narrows the glottis. 

Widening of the Glottis. The crico-arytenoideus posticus, passing 
from the posterior surface of the cricoid cartilage to the outer angle 
of the arytenoid cartilage behind the attachment of the lateral crico- 
arytenoideus, pulls back this outer angle, and so causing the processus 
vocalis to move outwards, widens the glottis. The arytenoideus 
posticus, acting alone, has a similar effect. 

T^htening of the Vocal Cords. The crico-thyroideus pulls the 
thyroia downwards and forwards, and so increases the distance be- 
tween that cartilage and the arytenoids when the latter are fixed. 
Supposing then the arytenoideus and crico-arytenoideus posticus to 
fix the arytenoids, the effect of the contraction of the crico-thyroideus 
would be to tighten the vocal cords. 

Slackening of the Vocal Cords. This is effected by the whole 
sphincter group just mentioned, but more especially by the thyro^ 

F. P. 34 
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arytenmdei ewternus and internua; these acting alone, supposing the 
at^enoid cartilages to be fixed, would pull the thyroid cartilage up- 
wards and backwards, and so shorten the distance between the pro- 
cessus vocales and that body. 

Thus almost every movement of the larynx is effected not by one 
muscle only but by several, or at least by more than one, acting in 
concert The movements which give rise to the voice are pre- 
eminently combined and co-ordinate movemen^ts. When we re- 
member how a very slight variation in the tension of the vocal cords 
must give rise to a marked difference in the pitch of the note uttered, 
and yet what a multitude of fine differences of pitch are at the com- 
mand of a singer of even moderate ability, it appears exceedingly 
probable that the various muscular combinations required to produce 
the possible variations in pitch are of such a kind that frequently a 
part only, possibly a few fibres only, of a particular muscle, may be 
thrown into contraction, while all the rest of the muscle remains 
quiet. Taking into view moreover the great range of pitch possessed 
by even common voices, as compared with the possible variations of 
tension of which the vocal cords in their natural length are capable, 
it has been suggested that some of the fibres of the thyro-arytenoi- 
deus internus, which passing either from the thyroid or from the 
arytenoid, appear to end in the vocal cords themselves, may, by 
fixing particular points of the cords, so to speak, ‘stop’ them; and by 
thus artificially shortening the length actually thi j^n into vibration, 
produce higher notes than the cords in their natural length are 
capable of producing. It has been also suggested that the processus 
vocales may overlap each other, and thereby shorten the length 
of cord available for vibration \ 

These various muscles are supplied by the vagus nerve, or rather 
by spinal accessory fibres running in the vagus-trunk. The superior 
laryngeal is the afferent nerve supplying the mucous membrane, but it 
also contains the motor fibres distributed to the crico-thyroid muscle ; 
hence when this nerve is divided on one side the corresponding vocal 
cord is relaxed and high notes become impossible. It is worthy of 
notice that this, the chief tensor, and therefore the most importaut, 
muscle of the larynx, has a separate and distinct nervous supply. 

According to some authors the arytenoideus posticus also receives its 
nervous supply from this nerve; but this is denied by Schech*. 

The inferior laryngeal or recurrent branch supplies all the other 
muscles. When this nerve is divided the voice is lost, since the 
approximation and parallelism of the vocal cords can no longer be 
effected. When in a living animal both recurrent nerves are divided, 
the glottis is seen to become immobile and partially dilated, the vocal 
cords assuming the position in which they are found in the body after 
death, and which may be considered as the condition of equilibrium 

1 Of. Bilhlinatm, Wien, Sitzungehericht, LXix. (1874) p. 207. 

* ^t. f, Biol, IX. p. 268. 
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between the dilating and constricting muscles. During forcible inspi- 
ration the glottis passes from this condition in the direction of more 
complete dilation ; during forcible expiration, the change is one of 
constriction. When the peripheral portion of one recurrent nerve is 
stimulated, the vocal cord of the same side is approximated to the 
iniddle line ; when both nerves are stimulated, the vocal cords are 
brought together and the glottis is narrowed. Though the nerve is 
distributed to both dilating and constricting muscles, the latter over- 
come the former when the nerve is artificially stimulated. In the 
complete enclosure of the glottis, which is so important a part of the 
act of coughing (p. 309), the group of muscles which we have spoken 
of as constituting a sphincter is thrown into forcible contractions by 
the recurrent laryngeal nerve. 

Though fundamentally a voluntary act, the utterance of a given 
note is not affected by the direct passage of simple volitional impulses 
down to the laryngeal muscles. So complex and co-ordinate a move- 
ment as that of sounding even a simple and natural note, requires a 
coordinating nervous mechanism in which, as in other complex muscular 
actions, afterent impulses play an important part. Auditory sensa- 
tions, if not as important for an accurate management of the voice as 
are visual sensations for the movements of the eye, are yet of prime 
importance. This is recognized when we say that such and such a 
one whose power over his laryngeal muscles is imperfect, ‘has no ear.' 

The ‘falsetto' voice is one not at present clearly understood. According 
to some authors the vocal cords are seen to he wide apart when falsetto 
notes are uttered, and not close and parallel as in the ordinary voice. 
Hence for the development of these notes, a stronger blast of air and a 
greater effort are required. When, as in an ordinary full voice, the glottis 
is very narrow, the trachea and bronchi serve the purpose of a resonance 
chamber ; hence such a voice is spoken of as a ‘ chest ' voice. In the falsetto 
voice, where the vocal cords are wide apart, this function of the air-tubes is 
in abeyance. This view is combated by Vacher^, who, from observations on 
himself has come to the conclusion that the glottis is narrowed in both kinds 
of notes, the cords vibrating along their whole length in the chest notes, and 
along their anterior portions only in the high falsetto notes. According to 
him, therefore, the high notes are the result of a ‘ stopping * of the vocal 
cords, but whether this is effected by the action of the thyro-ary tenoideus 
internus spoken of above, must be left at present uncertain. Johannes 
Miiller was of opinion that in the falsetto notes the edges only of the vocal 
cord vibrate, while in the chest notes the whole width of each cord is 
involved. It is exceedingly probable that the falsetto notes are pro- 
duced by some muscular manoeuvre, since they may by exercise bo uttered 
with comparative ease. The change from the chest to the falsetto range 
is an abrupt one, and the combing range may be very extensive, as in 
the case of persons who can carry on a duet, singing alternately for in- 
stance, in a tenor (chest) and a soprano (falsetto) voice. According to 
Vacher the rima respiratoria is always completely closed during singing, 
whether chest or falsetto liotes, and not as Mandl thought in the latter only. 

^ De la Voix, Paris, 1877* 

34—2 
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The ventrioles of Moigagm are apparently of use in giving the vocal 
cords sufiBlGient room for ^eir vibrationB. The purpose of the false vocal 
cords is not exactly known. Some authors ^ink that in the falsetto 
voice they are brought down into contact with, and thus serve to stop, the 
true vocal cords. 

At the ago of puberty a rapid development of the larynx takes place, 
leading to a change in the range of the voice. The peculiar harshness 
of the voice when it is thus * breaking* seems to be due to a temporary 
congested and swollen condition of the mucous membrane of the vocal cords 
accompanying the active growth of the whole larynx. The change in the 
mucous membrane may come on quite suddenly, the voice ‘ breaking ’ for 
instance in the course of a night. 


Sec. 2, Speech. 

Vowels. 

Every sound, or every note (for all vocal sounds are musical sounds, 
when considered by themselves) caused by the vibrations of the vocal 
cords, besides its loudness due to the force of the expiratory blast, and 
its pitch due to the tension of the cords, has a quality of its own, due 
to the number and relative prominence of the overtones which accom- 
pany the fundamental tone.' Some of these features which make up 
the quality are imposed on the note by the nature If the vocal cords, 
but still more arise from various modifications which the relative 
intensities of the overtones undergo through the resonance of the cavity 
of the mouth and throat. Whenever we hear a note sounded by the 
larynx we are able to recognize in it features which enable us to state 
that one or other of the ‘vowels’ is being uttered. Vowel sounds are 
in fact only extreme cases of quality, extreme prominence of certain 
overtones brought about by the shape assumed by the buccal and 
pharyngeal passages and orifices, as the vibrations pass through them. 
Each vowel has its appropriate and causative disposition of these parts. 
When i (ee in feet) is sounded, the sounding-tube of the upper air 
passages is made as short as possible, the larynx is raised and the 
lips are retracted, the whole cavity of the mouth taking on the form 
of a broad flask with a narrow neck. During the giving out of e 
(a in fat) the shape of the mouth is similar, but somewhat longer. 
For the production of a (as in father) the mouth is widely open, so 
that the buccal cavity is of the shape of a funnel with the apex at the 
pharynx. With o, the buccal cavity is again flask-shaped, with the 
mouth more closed than in a, but the lips, instead of being retracted 
as in i and e, are somewhat protruded, so that the sounding tube is pro- 
longed. The greatest length of the tube is reached in u (oo), in which 
the larynx is depressed and the lips protruded as much as possible. 
While the two latter vowels are being uttered, the general form of 
the buccal cavity is that of a flask with a short neck and a small 
opening, the orifice being smaUer for u than for o. 
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Each of theistc yariotm ^vQwel’ forms of the mouth possesses a note of 
its own, one towards which it acts as a resonance chamber. Thus if several 
tuning-forks of various pitch be held while sounding before a mouth which 
has assumed the particular form necessary for sounding XJ, it will be found 
that the resonance will be particularly great with the fork having the pitch 
of the bass 6-flat. Similarly the pitch of the treble h will be more intensified 
by the mouth moulded to sound O, the octave b above the treble will cor- 
respond to A, another octave higher to E, and still an octave higher to 
I. And it is the experience of singers that each vowel is sung with pecu- 
liar ease on a note having a prominent overtone corresponding to the tone 
proper to the mouth when moulded to utter the vowel The precise nature 
of the vowel sounds however requires further investigation. 

As the vibrations are travelling through the pharyngeal and buccal 
cavities, the posterior nares are closed by the soft palate ; and it may 
be shewn, by holding a flame before the nostril, that no current 
of air issues from the nose when a vowel is properly said or sung. 
When the posterior nares are not effectually closed the sound ac- 
quires a nasal character. The same happens when the anterior 
nares are closed, as when the nose is held between the fingers, the 
nasal chamber then forming a cavity of resonance* 

Consonants. 

Vowels are, as their name implies, the only real vocal sounds ; it 
is only on a vowel that a note can be said or sung. Our speech 
however is made up not only of vowels but also of consonants, i. e. 
of sounds which are produced not by the vibrations of the vocal cords 
but by the expiratory blast being in various ways interrupted or 
otherwise modified in its course through the throat and mouth. 

The distinction between the two is however not an absolute one, 
since, as we have seen, the characters of the several vowels depend on 
the form of the mouth, and in the production of some consonants 
(B, D, M, N, &c.) vibrations of the vocal cords form a necessary though 
adjuvant factor. 

Consonants have been classified according to the place at which 
the characteristic interruption or modification takes place. Thus it 
may occur, 

1. At the lips, by the movement or position of the lips in refer- 
ence to each other or to the teeth, giving rise to labial consonants. 

2. At the teeth, by the movement or position of the front part 
of the tongue in reference to the teeth or the hard palate, giving rise 
to dental consonants. 

3. In the throat, by the movement or position of the root of the 
tongue in reference to the soft p^^late or pharynx, giving rise to gut- 
tv/rul consonants. 

Among the dentals again may be distinguished the den^s com- 
monly so called, such as % the sibilants such as S, and the lingual L, 
aU differing in the relative position of the tongue, teeth, and palate. 
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Consonants may also be dasdfied aco(»rding to the character of 
the movements which give rise to them. Thus they may be either 
explosive or continuous. 

1. Explosives. In these the characters are given to the sqund 
by the sudden establishment or removal of the appropriate interrup- 
tion. Thus^ in uttering the labial P> the lips are first closed, then an 
expiratory current of air is driven against them, and upon their being 
suddenly opened, the sound is generated. Similarly, the dental T is 
generate by the sudden removal of the interruption caused by the 
approximation of the tip of the tongue to the front of the hard 
palate, and the guttural K by the sudden removal of the interruption 
caused by the approximation of the root of the tongue to the soft 
palate. 

The labial B differs from P, inasmuch as it is accompanied by 
vibrations of the vocal cords (that is, a vowel sound is uttered at the 
same time), and these vibrations continue after the removal of the 
interruption. Hence B is often SMken of as being uttered with 
voice and P without voice ; and D and G (hard) with voice bear 
the same relation to T and K without voice. 

The continmus consonants may further be divided into 

2. Aspirates. In these the sound is generated^ by a rush of air 
through a constriction formed by the partial dosun -of the lips, or by 
the raising of the tongue against the hard or soft palate, &c. Thus 
F is sounded when the lips are brought into partial, and not as in P 
and B into complete approximation, and a current of air is driven 
through the narrowed opening. F is uttered without any accompany- 
ing vibration of the vocal cords, i.e. without voice. With voice it 
becomes V. 

The sibilant S is formed by a rush of air past an obstruction caused 
by the partial closure of the teeth, the front of the tongue being 
depressed at the same time ; and S accompanied with vibrations of 
the vocal cords becomes Z. 

In 8h the dorsal surface of the tongue is raised so as to narrow 
the passage between that organ and the pedate for a considerable 
portion of its length. 

Th is formed by placing the tongue between the two partially 
open rows of teeth ; and the hard and soft Th bear to each other the 
same relation as do P and B. 

L is produced when the passage is closed in the middle by 
pressing we tip of the tongue against the hard palate and the air is 
allowed to escape at the sides of the tongue. 

When the constriction in an aspirate is formed by the approxi- 
mation of the root of the tongue to the soft palate, we have the gut- 
tund CH (as in loch) without voice and uH (as in lough) with 
voice. 

8. JResomnts. In these, all of which must have vibrations of the 
vocal cords as a basis, the usual passage through the mouth is closed 
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either ia a labial, dental, or guttural, fashion and the peculiar 
character is given to the sound by the nasal chambers acting as a 
resonance cavity. Thus in M, the passage is closed by the approxi- 
mation of the lips, in N, by the approximation of the tongue to the 
hard palate, and in NG by the approximation of the root of the 
tongue to the soft palate. 

4. The various forms of R are often spoken of as vibratory, the 
characteristic sounds being caused by the vibration of some or other 
of the parts forming a constriction in the vocal passage. Thus the 
ordinary R is produced by vibrations of the point of the tongue 
elevated against the hard palate, the guttural R by the vibrations 
of the uvula or other parts of the walls of the pharynx ; and in some 
languages there seems to be an R produced by the vibrations of the 
lips. 

H is caused by the rush of air through the widely open glottis. 
When, in sounding a vowel, the sound is begun by a sudden change 
in the position of the vocal cords from one of divergence to one of 
approximation, the vowel is pronounced with the spiHtus aaper. 
When the vocal cords are brought together before the blast of air 
begins, the vowel is pronounced with the spiritus lenis. The Arabic 
H is produced by closing the rima vocalis, the epiglottis and false 
vocal cords being depressed, and sending a blast of air through the 
rima respiratoria. 

On many of the above points however, there are great differences 
of opinion, the discussion of which as well as of other more rare con- 
sonantal sounds would lead us too far away from the purpose of this 
book. The following tabular statement must therefore be regarded 


as introduced for convenience only. 

Explosives, Labials, without voice, P. 

„ with voice, B. 

Dentals, without voice, T. 

„ with voice, D. 

Gutturals, without voice, K. 

„ with voice, G (hard). 

Aspirates. Labials, without voice, F. 

„ with voice, V. 

Dentals, without voice, S, L, Sh, Th (hard). 

„ with voice, Z, Zh (in azure, the 

French j), Th (soft). 

Gutturals, without voice, CH (as in loch). 

with voice, GH (as in lough). 

Resohants. Labial, M. 

Dental, N. 

Guttural, NG. 


YibBATORT. Labial, not known in European speech. 
Dental, R (common). 

Guttural, R (guttural;. 
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■^ispering is speech without any employment of the vocal cords, 
and is effected chiefly by the lips and tongue. Hence in whispering 
the distinction between consonants needing and those not needing 
voice, such as B and P, becomes for the most part lost 

Sec. 3. Locomotor Meghakisms. 

The skeletal muscles are for the most part arranged to act on the 
bones and cartilages as on levers, examples of the first kind of lever 
being rare, and those of the third kind, where the power is applied 
nearer to the fulcrum than is the weight, being more common than 
the second. This arises from the fact that the movements of the body 
are chiefly directed to moving comparatively light weights through a 
great distance, or through a certain distance with great precision, 
rather than to moving heavy weights through a short distance. The 
fulcrum is generally supplied by a (perfect or imperfect) joint, and 
one end of the acting muscle is made fast by being attached either to 
a fixed point, or to some point rendered fixed for the time being by 
the contmction of other muscles. There are few movements of the 
body in which one muscle only is concerned ; in the majority of cases 
several muscles act together in concert; nearly all our movements are 
coordinate movements. Where gravity or the elan h reaction of the 
parts acted on do not afford a sufficient antagonism to the con- 
traction of a muscle or OToup of muscles, the return to the condition 
of equilibrium is provided for by the action either elastic or contrac- 
tile of a set of antagonistic muscles ; this is seen in the case of the 
face. 

The erect posture^ in which the weight of the body is borne by 
the plantar arches, is the result of a series of contractions of the 
muscles of the trunk and legs, having for their object the keeping the 
body in such a position that the line of gravity falls within the area of 
the feet. That this does require muscular exertion is shewn by the 
facts, that a person when standing perfectly at rest in a completely 
balanced position falls when he becomes unconscious, and that a dead 
body cannot be set on its feet. The line of gravity of the head 
falls in front of the occipital articulation, as is shewn by the nodding 
of the head in sleep. The centre of gravity of the combined head 
and trunk lies at about the level of the ensiform cartilage, in front of 
.the tenth dorsal vertebra, and the line of gravity drawn from it passes 
behind a line joining the centres of the two hip-joints, so that the 
erect body would fall backward were it not for the action of the 
muscles passing from the thighs to the pelvis assisted by the anterior 
ligaments of the hiMoints. The line of gravity of the combined 
head, trunk and thigns falls moreover a little behmd the knee-joints, 
so that some, though little, muscular exertion is required to prevent 
the knees from being bent. Lastly, the line of gravity of the whofe 
body passes in front of the line drawn between the two ankle-joints, 
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the centre of gravity of the whole body being placed at the end of the 
sacrum ; hence some exertion of the muscles of the calves is required 
to prevent the body falling forwards. 

* In walkillgi there is in each step a moment at which the body 
rests vertically on the foot of one, say the right leg, while the other, 
the left leg, is inclined obliquely behind with the heel raised and the 
toe resting on the ground. The left leg, slightly flexed to avoid 
contact with the ground, is then swung forward like a pendulum, 
the length of the swing or step being determined by the length of the 
leg; and the left toe^ is brought to the ground. On this left toe as 
a fulcrum, the body is moved forward, the centre of gravity of the 
body describing a curve the convexity of which is upward, and the 
left leg necessarily becoming straight and rigid. As the body moves 
forward, a point will be reached similar to that with which we sup- 
posed the step to be started, the body resting vertically on the left 
foot, and the right leg being directed behind in an oblique position. 
The movement on the left foot however carries the body beyond this 
point, and in doing so swings the right leg forward until it is the 
length of a step in advance of its previous position, and its toe in 
turn forms a fulcnim on which the body, and with it the left leg, 
is again swung forward. Hence in successive steps the centre of 
gravity, and with it the top of the head, describes a series of con- 
secutive curves, with their convexities upwards, very similar to the 
line of flight of many birds. 

Since in standing on both feet the line of gravity falls between 
the two feet, a lateral displacement of the centre of gravity is ne- 
cessary in order to balance the body on one foot. Hence in walking 
the centre of gravity describes not only a series of vertical, but also 
a series of horizontal curves, inasmuch as at each step the line of 
gravity is made to fall alternately on each standing foot. While the 
left leg is swinging, the line of gravity falls within the area of the 
right foot, and the centre of gravity is on the right side of the pelvis. 
As the left foot becomes the standing foot, the centre of gravity is 
shifted to the left side of the pelvis. The actual curve described by 
the centre of gravity is therefore a somewhat complicated one, being 
composed of vertical and horizontal factors. The natural step is the 
one which is determined by the length of the swinging leg, since this 
acts as a pendulum ; and hence the step of a long-legged person is 
naturally longer than that of a person with short legs. The length 
of the step however may be diminished or increased by a direct 
muscular effort, as when a line of soldiers keep step in spite of their 
having legs of different lengths. Such a mode of marching must 
obviously be fatiguing, inasmuch as it involves an unnecessary ex- 
penditure of energy. 

In slow walking there is an appreciable time during which, while 

1 This indicates perhaps what shotdd be done rather than the aotnal practice; most 
people put the heel to the ground first, the contact with the toe coming later. 
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one f(Mt is already in position to serre as a fulcrum, the other, 
swinging, foot has not yet left the ground. In fast walking this 
peri(m 13 so much reduced, that one foot leaves the ground the 
moment the other touches it ; hence there is practically no period 
during which both feet are on the ground together. * 

When the body is swung forward on the one foot acting as a 
fulcrum with such energy that this foot leaves the ground before the 
other, swinging, foot has reached the ground, there being an interval 
during which neither feet are on the ground, the person is said to 
be rnnTiingj not walking. 

In jumping this propulsion of the body takes place on both 
feet at the same time ; in hopping it is effected on one foot only. 

The locomotion of four-footed animals is necessarily more com- 
plicated tlian that of man. The simple walk, such as that of the 
horse, is executed in four times, with a diagonal succession: thus, 
right fore leg, left hind leg, left fore leg, right hind leg. In the 
amble, such as that of the camel, the two feet of the same side are 
put down at one and the same time, this movement being followed 
by a similar movement of the other two legs; it corresponds therefore 
very closely to human walking. In the trot, which corresponds to 
human running, the two diagonally opposite feet are brought to the 
ground at the same time, and the body is propeUed forwards on 
them. Of the gallop and canter there are many tirieties, and the 
movements become very complicated*. 

The other problems connected with the action of the various 
skeletal muscles of the body are too special to be considered here. 


* See iUrey, La Machine Animate (1876). 
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THE TISSUES AND MECHANISMS OF REPRODUCTION. 


Many of the individual constituent parts of the body are capable 
of reproduction, i.e. they can give rise to parts like themselves; or they 
are capable of regeneration, i.e. their places can be taken by new 
parts more or less closely resembling themselves. The elementary 
tissues undergo during life a very large amount of regeneration. 
Thus the old epithelium scales which fall away from the surface of 
the body are succeeded by new scales from the underlying layers of 
the epidermis ; old blood corpuscles give place to new ones ; worn out 
muscles, or those which have failed from disease, are renewed by the 
accession of fresh fibres ; divided nerves grow again ; broken bones 
are united ; connective tissue seems to disappear and appear almost 
without limit; new secreting cells take the place of the old ones 
which are cast off ; in fact, with the exception of some cases, such as 
cartilage, and these doubtful exceptions, all those fundamental tissues 
of the body, which do not form part of highly differentiated organs, 
are, within limits fixed more by bulk than by anything else, capable 
of regeneration. That regeneration by substitution of molecules, 
which is the basis of all life, is accompanied by a regeneration by 
substitution of mass. 

In the higher animals regeneration of whole organs and members, 
even of those whose continued functional activity is not essential to 
the well being of the body, is never witnessed, though it may be 
seen in the lower animals ; the digits of a newt may be restored by 
growth, but not those of a man. And even partial destruction of 
highly differentiated organs, such as the retina, is followed in the 
higher animals by very imperfect repair. • 

In the higher animals the reproduction of the whole individual 
can be effected in no other way than by the process of sexual genera- 
tion, through which the female representative element or ovum is, 
under the i^uence of the male representative or spermatozoon, de- 
veloped into an adult individual. 

We do not purpose to enter here into any of the morphological 
problems connected with the series of changes through which the 
ovum becomes the adult being ; or into the obscure biological inquiry 
as to how the simple all but structureless ovum contains within itself, 
in potentiality, ail its future developments, and as to what is the 
essential nature of the male action. These problems and questions 
are fully discussed elsewhere ; they do not properly enter into a 
work on physiology, except under the view that all biological pro- 
blems are, when pushed far enough, physiological problems. We 
shall limit ourselves to a brief survey of the more important physio- 
logical phenomena attendant on the impregnation of the ovum, and 
on the nutrition and birth of the embryo. 



CHAPTER L 


MENSTRUATION. 


Fkom puberty, which occurs at from 13 to 17 years of age, to the 
climacteric, which arrives at from 45 to 50 years of age, the human 
female is subject to a monthly discharge of ova from the ovaries, 
accompanied by special changes, not only in those organs but also 
in the Fallopian tubes and uterus, as well as by general changes in 
the body at large, the whole constituting ‘menstruation.' The essen- 
tial event in menstruation is the escape of an ovum from its GraaflSan 
follicle. The whole ovary at this time becomes congested, and the 
ripe follicle bulging from the surface of the ovary, is grasped by the 
trumpet-shaped fringed opening of the Fallopian tube, itself turgid 
and congested ; by what mechanism this is effects \ is not exactly 
known. The most projecting portion of the wall of the follicle, which 
has previously become excessively thin, is now ruptured, and the ovum, 
which having left its earlier position, is lying close under the project- 
ing surface of the follicle, escapes, together with the cells of the 
discus proligerus, into the Fallopian tube. Thence it travels down- 
wards, very slowly, by the action probably of the cilia lining the 
tube, though possibly its progress may occasionally be assisted by the 
peristaltic contractions of the muscular walls. The stay of the ovum 
in the Fallopian tube may extend to several days. There is an 
effusion of blood into the ruptured follicle, which is subsequently 
followed by histological changes in the coats of the follicle result- 
ing in a corpus luteum. The discharge of the ovum is accompanied 
not only by a congestion or erection of the ovary and Fallopian 
tube, but also by marked changes in the uterus, especially in the 
uterine mucous membrane. While the whole organ becomes con- 
gested and enlarged, the mucous membrane, and especially the 
uterine glands, are distinctly hypertrophied. The swollen internal 
surface is thrown into folds which almost obliterate the cavity ; and a 
hsemorrhagic discharge, often considerable in extent, constituting the 
menstrual or catamenial flow, takes place from the greater part of its 
surface. The blood as it passes through the vagina becomes some- 
what altered by the acid secretions of that passage, and when scanty 
coagulates but slightly; when the flow however is considerable, dis^ 
tinct clots may make their appearance, tt is not certain that mens- 
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tniation, in the human subject at all events, is always accompanied 
by a discharge of an ovum ; and it seems probable also that under 
certain circumstances, eoc.gr. coitus, a discharge of an ovum may take 
place at other times than at the menstrual period. Since however 
the time during which both the ovum and the spermatozoon may 
remain in the female passages alive and functionally capable is con- 
siderable, probably extending to some days, coitus effected either 
some time after or some time before the menstrual escape of an ovum 
might lead to impregnation and subsequent development of an em- 
bryo ; hence the fact that impregnation may follow upon coitus at 
some time after or before menstruation is no very cogent argument 
in favour of the view that such a coitus has caused an independent 
escape of an ovum. The escape of the ovum is said to precede the 
catamenial flow^ If no spermatozoa come in contact with the ovum 
it dies, the uterine membrane returns to its normal condition, and 
no trace of the discharge of an ovum is left, except the corpus luteum 
in the ovary. 

According to many authors the uterine mucous membrane is actually 
shed during menstruation, and subsequently entirely regenerated. Accord- 
ing to their view the haemorrhagic discharge is due to a positive ‘ solution 
of continuity.* In animals no discharge of blood, or a very scanty one, 
takes place at ‘heat* or ‘rut*; hence this point cannot be settled by com- 
I)arative studies; and in the human subject the interval which must 
necessarily elapse between death and examination, is sufficiently long to 
render investigation very difficult. Williams® has brought forward strong 
evidemce in favour of an actual loss of substance taking place. According 
to him, menstruation is accompanied by a rapid growth and subsequent 
rapid degeneration of the mucous membrane, for a depth reaching down to 
that layer of muscular fibres which passes among the deeper parts of the 
uterine glands. The growth and degeneration begin at an abrupt line 
near the cervix, and spread towards the fundus. The decay lays bare 
small blood-vessels, from which the hmmorrhage takes place. 

It is obvious that in these phenomena of menstruation we have 
to deal with complicated reflex actions affecting not only the vascular 
supply but, apparently in a direct manner, the nutritive changes of 
the organs concerned. Our studies on the nervous action of secretion 
render it easy for us to conceive in a general way how the several 
events are brought about. It is no more difficult to suppose that 
the stimulus of the enlargement of a Graaffian follicle causes nutritive 
as well as vascular changes in the uterine mucous membrane, than it 
is to suppose that the stimulus of food in the alimentary canal causes 
those nutritive changes in the salivary glands or pancreas which 
constitute secretion. In the latter case we can to some extent trace 
out the chain of events ; in the former case we hardly know more 
than that the maintenance of the lumbar cord is sufficient, as far as 

1 Williams, Proc. Roy* Soc, xxiii. 439. 

■ Proc, Roy, Soc, xjui* 297. See also bis Stntet, Mug, Menib, 4>f Uterus, 1876. 
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the central nervous system is concerned; for the carrying on of the 
■work. In the case of a dog observed by Goltz\ ‘heat’ or menstrua- 
tion took place as usual; though the spinal cord had been completely 
divided in the dorsal region while the animal was as yet a mere puppy. 

The operation was performed in Dec. 1873, In the following May the 
animal was in excellent health, and there was not the slightest indication 
that any functional connection between the dorsal and lumbar portions 
of the spinal cord had been le-established. At the end of that month 
‘ heat ’ came on, attended by all the ordinary phenomena psychical as well as 
physical. Impregnation was effected and the animal became gravid. The 
pregnancy, like the heat, was marked by all the usual signs ; the mammary 
glands enlarged, and the usual mental accompaniments of the condition 
were present. Finally, one living and two dead puppies were bom, the 
first without and the latter two with assistance ; the mother however sank 
soon afterwards from puerperal peritonitis. The post-mortem examination 
shewed that there had been no regeneration of the divided spinal cord ; the 
two portions were sepaiated by more than a centimetre. 

In tliis case the connection between the ovary on the one hand and 
the mammary gland, brain, <fec., on the other, must, if a nervous one, have 
been furnished by the abdominal sympathetic. We may however suppose 
that the nexus was a chemical one ; that the condition of the ovary and 
uterus effected a change in the blood, which in turn excited the mammary 
gland to increased action and produced special changes in the brain. 

4 


1 Pfltiger^s ArehiVf n. (1874) p. 552. 
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In coitus the discharge of the semen containing the spermatozoa 
is most probably effected by means of the peristaltic contractions of 
the vesiculse seminales and vasa deferentia, assisted by rhythmical 
contractions of the bulbo-cavernosus muscle, the whole being a reflex 
act, the centre of which appears to be in the lumbar spinal cord. 
Goltz^ has shewn that in the dog, emission of semen can be brought 
about by stimulation of the glans penis after complete division of 
the spinal cord in the dorsal region. The emission of semen is 
preceded by an erection of the penis. This we have already seen, 
p. 1G5, is in part at least due to an increased vascular supply brought 
about by means of the nervi erigentes ; it is probable, however, that 
the condition is further secured by a compression of the efferent 
veins of the corpora cavernosa by means of smooth muscular fibres 
present in those bodies. The semen being received into the female 
organs, which are at the time in a state of turgescence resembling 
the erection of the penis, but less marked, the spermatozoa find 
their way into the Fallopian tubes, and here (probably in its upper 
part) come in contact with the ovum. In the case of some animals 
impregnation may take place at the ovary itself. The passage of 
the spermatozoa is most probably effected mainly by their own 
vibratile activity ; but in some animals a retrograde peristaltic move- 
ment travelling from the uterus along the Fallopian tubes has been 
observed ; this might assist in bringing the semen to the ovum, but 
inasmuch as these movements are probably parts of the act of coitus 
and impregnation may be deferred till some time after that event, 
no great stress can be laid upon them. 

The ascent of the speimatozoa is certainly puzzling if the cilia of the 
Fallopian tubes, which act from above downwards, continue their activity 
after the escape of the ovum. The spermatozoa directly they come in 
contact with the ovum become motionless; this suggests that the final cause 
of their activity is to enable them to reach the ovum. 

As the result of the action of the spermatozoa on the ovum, the 
latter, instead of dying as when impregnation fails, awakes to great 

1 PflUger’s ArchiVf viii. (1874), p. 460. 
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nutritive activity accompanied by remarkable morphological changes ; 
it enlarges and developes into an embryo. No sooner, however, have 
these changes begun in the ovum than correlative changes, brought 
about probably by reflex action, but at present most obscure in their 
causation, take place in the uterus. The mucous membrane of this 
organ, whether the coitus resulting in impregnation be coincident 
with a menstrual period or not, becomes congested, and a rapid growth 
takes place, the uterine glands, as in menstruation, becoming espe- 
cially largely developed, accompanied by a rapid proliferation of the 
subepithelial tissue. Unlike the case of menstruation, however, this 
new growth does not give way to immediate decay and hcemorrhage, 
but remains ; and may be distinguished as a new temporary lining to 
the uterus, the so-called decidua. Into this decidua the ovum, on its 
descent from the Fallopian tube, in which it has undergone develop- 
mental changes, extending most probably as far at least as the for- 
mation of the blastoderm if not farther, is received ; and in this it 
becomes imbedded, the new growth closing in over it. Meanwhile 
the rest of the uterine structures, especially the muscular tissue, 
become also much enlarged ; as pregnancy advances a large number 
of new muscular fibres arc formed. As the ovum continues to in- 
crease in size, it bulges into the cavity of the uterus, carrying 
with it the portion of the decidua which has closed over it. Hence- 
forward, accordingly, a distinction is made in the ’ fw well-developed 
decidua between the decidua rejlexa, or that part of the membrane 
which covers the projecting ovum, and the decidua vera^ or the 
rest of the membrane lining the cavity of the uterus, the two being 
continuous round the base of the projecting ovum. That part of 
the decidua which intervenes between the ovum and the nearest 
uterine wall is frequently spoken of as the decidua serotina. As the 
ovum developes into the foetus with its membranes, the decidua 
reflexa becomes pushed against the decidua vera; about the end 
of the third month, in the human subject, the two come into com- 
plete contact all over, and ultimately the distinction between them is 
lost. In the region of the decidua serotina the allantoic vessels of 
the foetus develope a placenta. For an account of the various changes 
by which these events are brought about, as well as of the history of 
the embryo itself, we must refer the reader to anatomical treatises. 
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During the development of the chick within the hen’s egg the nu- 
tritive material needed for the growth first of the blastoderm, and 
subsequently of the embryo, is supplied by the yolk, while the oxygen 
of the air passing freely through the porous shell, gains access to all 
the tissues both of the embryo and yolk, either directly or by the 
intervention of the allantoic vessels. The mammalian embryo, during 
the period which precedes the extension of the allantoic vessels 
into the cavities of the uterine walls to form the placenta, must be 
nourished by direct diffusion, first from the contents of the Fallopian 
tube, and subsequently from the decidua ; and its supply of oxygen 
must come from the same sources. All analogy would lead us to sup- 
pose that, from the very first, oxidation is going on in the blastodermic 
and embryonic structures ; but the amount of oxygon actually with- 
drawn from without is probably exceedingly small in the early stages, 
seeing that nearly the whole energy of the metabolism going on is 
directed to the building up of structures, the expenditure of energy 
in the form of either heat or external work being extremely small. 
The marked increase of bulk which takes place during the conversion 
of the mulberry mass into the blastodermic vesicle, shews that at 
this epoch a relatively speaking large quantity of water at least, and 
probably of nutritive matter, must pass from without into the ovum ; 
and subsequently, though the blastoderm and embryo may for some 
time draw the material for their continued construction at first hand 
from the yolk-sac or umbilical vesicle, both this and they continue 
probably until the allantois is formed to receive fresh material from 
the mother by direct diffusion. 

As the thin-walled allantoic vessels come into closer and fuller 
connection with the maternal uterine sinuses, until at last in the 
fully formed placenta the former are freely bathed in the blood stream- 
ing through the latter, the nutrition of the embryo becomes more and 
more confined to this special channel. The blood of the foetus 
flowing along the umbilical arteries effects exchanges with the venous 
blood of the mother, and leaves the placenta by the umbilical vein 
richer in oxygen and nutritive material and poorer in carbonic acid 
and excretory products than when it issued from the foetus. 

35—2 
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As far as the gain of oxygen and the loss of carbonic acid are 
concerned these are the results of simple diffusion. Venous blood, as 
we have alreadjr seen, always contains a quantity of oxyhsemoglobin, 
and the quantity of this substance present in the blood of the 
uterine veins is suflScient to supply all the oxygen that the embira 
needs. The blood of the foetus, containing less oxygen than even the 
venous blood of the mother, will take up a certain though small 
quantity. The foetal blood travelling in the umbilical artery must, in 
proportion to the extent of the nutritive changes going on in the 
embryo, possess a higher carbonic tension than that in the umbilical 
vein or uterine sinus ; and by diffusion gets rid of this surplus during 
its stay in the placenta. The blood in the umbilical arteries and 
veins is therefore, relatively speaking, venous and arterial respectively, 
though the small excess of oxyha3moglobin in the blood of the umbilical 
vein^ is insufficient to give it a distinctly arterial colour, or to dis- 
tinguish it as sharply from the more venous blood of the umbilical 
artery, as is ordinary arterial from ordinary venous blood. Thus the 
foetus breathes by means of the maternal blood, in the same way that 
a fish breathes by means of the water in which it dwells. 

The blood of the fcetus, according to Zuntz®, is very poor in haemo- 
globin corresponding to its low oxygen consumption. When the mother is 
asphyxiated, the foetus is asphyxiated too, the oxygen i f the latter passing 
back again in the blood of the former ; and the asphyxia thus produced in 
the foetus is much more rapid than that which results when the oxygen is 
used up by the tissues of the foetus alone, as when the umbilicus is ligatured 
and the foetus not allowed to breathe. 

If oxygen and carbonic acid thus pass by diffusion to and from 
the mother and the foetus, one might fairly expect that diffusible 
salts, proteids, and carbohydrates would be conveyed to the latter, 
and diffusible excretions carried away to the former in the same way ; 
and if fats can pass directly into the portal blood during ordinary 
digestion, there can be no reason for doubting that this class of food- 
stuffs also would find its way to the foetus through the placental 
structures. We do know from experiment that diffusible substances 
will pass both from the mother to the foetus, and from the foetus to the 
mother ; but we have no definite knowledge as to the exact form and 
manner in which, during normal intra-uterine life, nutritive materials 
are conveyed to or excretions conveyed from the growing young. The 
placenta is remarkable for the great development of cellular structures 
apparently of an epithelial nature on the border-land between the 
maternal and foetal elements ; and it has been suggested that these 
form a temporary digestive and secretory (excretory) organ. But we 
have no exact knowledge of what actually does take place in these 
structures. From the cotyledons of ruminants may be obtained a 

' Zweifel, Arch, fikr Gyndkologie, ix. Hft. 2. 

» Pflttger’s Archiv, xiv. (1877), p. 605. 
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white creamy-looking fluid, which from many features of its chemical 
composition might be almost spoken of as a * uterine milk.* 

Speaking broadly, the foetus lives on the blood of its mother, 
very much in the same way as all the tissues of any animal live 
on the blood of the body of which they are the parts. 

For a long time all the embryonic tissues are ‘ protoplasmic* in 
character ; that is, the gradually differentiating elements of the several 
tissues remain still embedded, so to speak, in undifferentiated proto- 
plasm ; and during this period there must be a general similarity in 
the metabolism going on in various parts of the body. As differen- 
tiation becomes more and more marked, it obviously would be an 
economical advantage for partially elaborated material to be stored up 
in various foetal tissues, so as to be ready for immediate use when 
a demand arose for it, rather than for a special call to be made at 
each occasion upon the mother for comparatively raw material needing 
subsequent preparatory changes. Accordingly, we find the tissues of 
the foetus at a very early period loaded with glycogen. The muscles 
are especially rich in this substance, but it occurs in other tissues as 
well. The abundance of it in the former may be explained partly by 
the fact that they form a very large proportion of the total mass of 
the foetal body, and partly by the fact that, while during the presence 
of the glycogen they contain much undifferentiated protoplasm, they 
are exactly the organs which will ultimately undergo a large amount 
of differentiation, and therefore need a large amount of material for 
the metabolism which the differentiation entails. It is not until the 
later stages of intra-uterino life, at about the fifth month, when it is 
laigely disappearing from the muscles, that the glycogen begins to be 
deposited in the liver. By this time histological differentiation has 
advanced largely, and the use of the glycogen to the economy has be- 
come that to which it is put in the ordinary life of the animal; hence 
we find it deposited in the usual place. Besides being present in the 
foetal, glycogen is found also in the placental structures; but here pro- 
bably it is of use, not for the foetus, but for the nutrition and growth 
of the placental structures themselves. We do not know how much 
carbohydrate material finds its way into the umbilical vein ; and we 
cannot therefore state what is the source of the foetal glycogen ; but 
it is at least possible, not to say probable, that it arises, as we have 
reason (p.339) to think it may, from a splitting up of proteid material. 

Concerning the rise and development of the functional activities 
of the embryo, our knowledge is almost a blank. We know scarcely 
anything about the various steps by which the primary fundamental 
qualities of the protoplasm of the ovum are differentiated into the 
complex phenomena which we have attempted in this book to ex- 
pound. We can hardly state more than that while muscular con- 
tractility becomes early developed, and the heart probably, as in the 
chick, beats even before the blood-corpuscles are formed, movements 
of the foetus do not, in the human subject, become pronounced until 
after the fifth montlx ; from that time forward they increase and sub- 



550 


F(ETAL CIRCULATION. 


[Book iv. 


aequently become very marked. They are often spoken of as reflex 
in character ; but only a preconceived bias would prevent them from 
being regarded as largely automatic. The digestive functions are 
naturally, in the absence of all food from the alimentary canal, in 
abeyance; but the excretory functions of the liver are developed early^ 
and about the third month bile-pigment and bile-salts find their way 
into the intestine. The quantity of bile secreted during intra-uterine 
life, accumulates in the intestine and especially in the rectum, form- 
ing, together with the smaller secretion of the rest of the canal, and 
some desquamated epithelium, the so-called meconium. Bile salts, 
both unaltered and variously changed, the usual bile pigments, and 
cholesterin, are all present in the meconium. The distinct formation 
of bile is an indication that the products of foetal metabolism arc no 
longer wholly carried off by the maternal circulation ; and to the 
excretory function of the liver there are now added those of the skin 
and kidney. The substances escaping by these organs find their way 
into the allantois or into the amnion, according to the arrangement of 
the foetal membranes in different classes of animals; in both these 
fluids urea representatives have been found as well as the ordinary 
saline constituents; the latter may or may not have been actually 
secreted. From the allantoic fluid of ruminants the body allantoin 
has been obtained, and human and other amniotiq fluids have been 
found to contain urea. 

About the middle of intra-uterine life, when the foetal circula- 
tion is in full development, the blood flowing along the umbilical 
vein is carried chiefly by the ductus venosus into the inferior vena 
cava and so into the right auricle. Thence it is directed by the 
valve of Eustachius through the foramen ovale into the left auricle, 
passing from which into the left ventricle it is driven into the 
aorta. Part of the umbilical blood, however, instead of passing 
directly to the inferior cava, enters by the portal vein into the 
hepatic circulation, from which it returns to the inferior cava 
by the hepatic veins. The inferior cava also contains blood coming 
from the lower limbs and lower trunk. Hence the blood which 
passing from the right auricle into the left auricle through the 
foramen ovale is distributed by the left ventricle through the 
aortic arch, though chiefly blood coming direct from the placenta, 
is also blood which on its way from the placenta has passed through 
the liver and blood derived from the tissues of the lower part of 
the body of the foetus. The blood descending as foetal venous 
blood from the head and limbs by the superior vena cava does 
not mingle with that of the inferior vena cava, but falls into 
the right ventricle, from which it is discharged through the ductus 
arteriosus (Botalli) into the aorta, below the arch, whence it flows 
partly to the lower trunk and limbs, but chiefly by the umbilical 
arteries to the placenta. A small quantity only of the contents 
of the right ventricle finds its way into the lungs. Now the blood 
which comes from the placenta by the umbilical vein direct into 
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the right auricle is, as far as the foetus is concerned, arterial 
blood ; and the portion of umbilical blood which traverses the liver 
probably loses at this epoch very little oxygen during its transit 
through that gland, the liver being at this period a simple excretory 
lather than a secretory or metabolic organ. Hence the blood of the 
inferior vena cava, though mixed, is on the whole arterial blood; 
and it is this blood which is sent by the left ventricle through the 
arch of the aorta into the carotid and subclavian arteries. Thus the 
head of the foetus is provided with blood comparatively rich in 
oxygen. The blood descending from the head and upper limbs 
by the superior vena cava is distinctly venous; and this passing 
from the right ventricle by the ductus arteriosus is driven along the 
descending aorta, and together with some of the blood passing from 
the left ventricle round the aortic arch falls into the umbilical 
arteries and so roaches the placenta. The foetal circulation then is 
so arranged, that while the most distinctly venous blood is driven by 
the right ventricle back to the placenta to be oxygenated, the most 
distinctly arterial (but still mixed) blood is driven by the left ven- 
tricle to the cerebral structures, which have more need of oxygen 
than the other tissues. In the later stages of pregnancy the mixture 
of the various kinds of blood in the right auricle increases prepara- 
tory to the changes taking place at birth. But during the whole time 
of intra-uterine life the amount of oxygen in the blood passing from 
the aortic arch to the medulla oblongata is sufficient to prevent any 
inspiratory impulses being originated in the medullary respiratory 
centre. This during the whole period elapsing between the date of 
its structural establishment, or rather the consequent full develop- 
ment of its irritability, and the epoch of birth, remains dormant ; the 
oxygen-supply to the protoplasm of its nerve-cells is never brought so 
low as to set going the respiratory molecular explosions. As soon 
however as the intercourse between the maternal and umbilical blood 
is interrupted by separation of the placenta or by ligature of the um- 
bilical cord, or when in any other way arterial blood ceases to find 
its way by the left ventricle to the medulla oblongata, the supply of 
oxygen in the respiratory centre sinks, and when the fall has reached 
a certain point an impulse of inspiration is generated and the foetus 
for the first time breathes. When this first inspiratory movement is 
made, as under normal circumstances it is, with free access to air, 
the lungs are expanded, and the scanty supply of blood which at the 
moment was passing along the pulmonary artery from the right 
ventricle returns to the left auricle brighter and richer in oxygen 
than ever was the foetal blood before. With the diminution of re- 
sistance in the pulmonary circulation caused by the expansion of the 
lungs, a larger supply of blood passes into the pulmonary artery 
instead of into the auctus arteriosus, and this derivation of the 
contents of the right ventricle increasing with the continued respi- 
ratory movements, the current through the latter canal at last ceases 
altogether, and its channel shortly after birth becomes obliterated. 
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Oorrespondiag to the greater flow into the pulmonaiy artery, a larger 
and larger (quantity of blood returns from the pulmonary veins into 
the left auricle. At the same time the current through tho ductus 
venosus from the umbilical vein having ceased, the flow from the 
inferior cava has diminished ; and the blood of the right auricle 
finding little resistance in the direction of the ventricle, which now 
readily discharges its contents into the pulmonary artery (where as 
we have seen (p. 119) the mean pressure and the peripheral resistance 
are very low), but finding in the left auricle, which is continually 
being mled from the lungs, an obstacle to its passage through 
the foramen ovale, ceases to take that course, and the foramen 
speedily becomes closed. Thus the foetal circulation, in consequence 
of the respiratory movements to which its interruption gives rise, 
changes its course into that characteristic of the adult. 



CHAPTER IV, 


PARTURITION. 


In spite of the increasing distension of its cavity, the uterus remains 
quiescent, as far as muscular contractions are concerned, until a 
certain time has been run. In the human subject the period of ges- 
tation generally lasts from 275 to 280 days, i.e. about 40 weeks, the 
general custom being to expect parturition at about 280 days from 
the last menstruation. Seeing that, in many cases, it is uncertain 
whether the ovum which developes into the embryo left the ovary at 
the menstruation preceding or succeeding coitus, or, as some have 
urged, independent of menstruation, by reason of the coitus itself, an 
exact determination of the duration of pregnancy is impossible. 

In the cow the period of gestation is about 280 days, in the mare about 
350, sheep about 150 days, dog about 60 days, rabbit about 30 days. 

The extrusion of the foetus is brought about, partly by rhythmical 
contractions of the uterus itself, and partly by a pressure exerted by 
the contraction of the abdominal muscles, similar to that described in 
defsBcation. The contractions of the uterus are the first to appear, 
and their first effect is to bring about a dilation of the os uteri ; it 
is not till the latter stages of labour, while the foetus is passing into 
the vagina, that the action of the abdominal muscles is brought in. 

The whole process of parturition may be broadly considered as a 
reflex act, the nervous centre being placed in the lumbar cord. In a 
dog, whose dorsal cord had been completely severed (see p. 544), par- 
turition took place as usual ; and the fact that, in the human sub- 
ject, labour will progress quite naturally while the patient is uncon- 
scious from the administration of chloroform, shews that in woman also 
the whole matter is an involuntary action, however much it may be 
assisted by direct volitional efforts. That the uterus is capable of 
being thrown into contractions through reflex action, excited by 
stimuli applied to various afferent nerves, is well known. The con- 
traction of the uterus, which is so necessary for the prevention of 
haemorrhage after delivery, may freouently be brought about by pres- 
sure on the abdomen, by the introduction of foreign bodies into the 
vagina^ and especially by the application of the child to the nipple. 
But we are not thereby justified in considering the rhythmical con- 
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tractions of the uterus during parturition as simple reflex acts ex- 
cited by the presence of the foetus. We are utterly in the dark as to 
why the uterus, after remaining apparently perfectly quiescent (or with 
contractions so slight as to be with difficulty appreciated) for months, 
is suddenly thrown into action, and within it may be a few hours gets* 
rid of the burden it has borne with such tolerance for so long a time; 
none of the various hypotheses which have been put forward can be 
considered as satisfactory. And until we know what starts the active 
phase, we shall remain in ignorance of the exact manner in which 
the activity is brought about. The peculiar rhythmic character of the 
contractions, each ‘pain' beginning feebly, rising to a maximum, then 
declining, and finally dying away altogether, to be succeeded after a 
pause by a similar pain just like itself* pain following pain like the 
tardy long-drawn beats of a slowly beating heart, suggests that the 
cause of the rhythmic contraction is seated, like that of the rhythmic 
beat of the heart, in the organ itself. And this view is supported by 
the fact that contractions of the uterus, similar to those of par- 
turition, have been observed in animals even after complete destruc- 
tion of the spinal cord. 

The action of the abdominal muscles, on the other hand, is ob- 
viously a reflex act carried out by means of the spinal cord, the 
necessary stimulus being supplied by the pressure of the foetus in the 
vagina, or by the contractions of the uterus. Hen<k Hhe whole act of 
parturition may with reason be considered as a reflex one. 

Whether the act be wholly a reflex or partly an automatic one, 
it can readily be inhibited by the action of the central nervous sys- 
tem. Thus emotions are a very frequent cause of the progress of 
parturition being suddenly stopped ; as is well known, the entrance 
into the bedroom of a stranger often causes for a time the sudden 
and absolute cessation of ‘labour' pains, which previously may have 
been even violent. Judging from the analogy of micturition, be- 
tween which and parturition there are many points of resemblance, 
we may suppose that this inhibition of uterine contractions is brought 
about by an inhibition of the centre in the lumbar cord. 

Experimental investigations into the movements of the uterus have 
been carried out chiefly on rabbits and dogs. In these animals, rhythmical 
contractions may occur spontaneously or be induced by direct stimulation 
after the connections of the uterus with the general nervous system have 
been entirely severed. The application of the interrupted current produces 
a local contraction frequently accompanied or followed by a general move- 
ment of the whole organ. This general movement may fail to make its 
appearance especially in an unimpregnated uterus (and indeed the results 
of stimulatiDg the uterus whether directly or indirectly are for some reason 
or other remarkably inconstant); where it does occur, it possesses, like an 
artificially produced heart-beat (p. 141), characters resembling those of a 
reflex act. 

Bhythmical contractions of the uterus may be induced by directly 
stimulating the spinal cord along any part of its course fn>m the lumbai* 
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region to the medulla oblongata, as well in a reflex manner by stimulation 
of the central ends of various spinal nerves \ Stimulation of the cere- 
bellum, crura cerebri and other parts of the brain as high up as the corpora 
striata and optic thalami, will also give rise to uterine contractions*. 

^ Basch and Hofmann* distinguish, in the dog, two paths along which 
efferent impulses may pass from the central nervous system to the uterus ; 
one, a sympathetic tract, consisting of nerves passing from the inferior 
mesenteric ganglion (lying in the dog at the extreme end of the aorta) 
to the hypogastric plexus, and the other, a spinal tract, consisting of 
branches passing from the sacral nerves across the pelvis to the same 
plexus, and being the representatives in the female of Eckhard’s nervi 
erigentes in the male, see p. 165. Stimulation of the former produces 
contractions of the uterus chiefly circular in nature, with descent of tlie 
cervix, and dilation of the os ; when the latter are stimulated, the uterus is 
shortened, as if by longitudinal contractions, the cervix ascends, and the os 
is clos(id. Both nerves apj)arently may take part in a contraction brought 
about in a reflex manner. When one tract is divided, the results of reflex 
stimulation resemble those of direct stimulation of the other tract. When 
both tracts are divided, stimulation of the central end of a spinal nerve, 
such as the sciatic, is without effect. The sacral nerves sharing in this 
spinal tract are branches from the first, second, and occasionally the third. 
Cyon* however obtained no contractions of any kind on stimulating the 
peripheral ends of the divided first and second sacral neiwes, though reflex 
contractions made tlieir api^earance when the central ends were stimulated. 
Basch and Hofmann further assert that the sympathetic tract contains 
vaso-constiictor and the spinal tract vaso-dilator nerves, both of which may 
be thrown into action in a reflex manner, the former, however, more 
readily than the latter. Whether connected or no with the central nervous 
system, the uterus may be thrown into contractions by a deficiency of 
oxygen or excess of carbonic acid in the blood. Hence when pregnant 
animals are asphyxiated, an extrusion of the foetus frequently takes place. 
There is no evidence however that the onset of labour is caused by a 
gradual diminution of oxygen in the blood, reaching at last to a climax. 
Nor are there suflicient facts to connect parturition with any condition 
of the ovary resembling that of menstruation. 

After the expulsion of the foetus, the foetal placenta separates 
from the uterine walls, and is, together with the remnants of the 
membranes, expelled after it. The uterus then falls into a firm tonic 
contraction, similar to that of the emptied bladder, by which means 
haemorrhage from the vessels torn by the separation of the placenta 
is avoided. The lining membrane of the uterus is gradually restored, 
the muscular elements are reduced by a rapid fatty degeneration, 
and in a short time the whole organ has returned to its normal 
condition. 

1 Schlesinger, Wien, Med, Jarhb, i. (1873), Hft. 4. Cyon, PflUger’s Archiv, rm. 
(1874), 349. Basoh and Hofmann, Wien. Med, Jahrb, 1877, Hft. 4. 

Komer, Studien Phy$. Inst, Breslau, in. 34. 

• Pp. cit. * Op, cit. 
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The child has at birth, on an average, rather less than one-third the 
maximum length, and about one-twentieth the maximum weight, to 
which in future years it will attain. 

The composition of the body of the new-born babe, as compared 
with that of the adult, will be seen from the following table*, in which 
the detaUs are more full than those given on p. 355 : 


Weight of organ in percentage Weight of organ in 
of Body-weight. adult, as compared 

, « , -ipth that of new-bom 



New-born babe. 

Adult. 

> babe taken as 1. 

Eye 

•28 

•028 

1-7 

Brain 

14-34 

2-37 

3-7 

Kidneys 

•88 

•48 

12 

Skin 

11-3 

6-3 

12 

Liver 

439 

2-77 

13-() 

Heart 

•89 

•52 

15 

Stomach and 1 
Intestine | 

2-53 

2-34 

20 

Lungs 

21G 

201 

20 

Skeleton 

16-7 

15-35 

26 

Muscles, &c. 

23-4 

43- 1 

28 

Testicle 

•037 

•8 

60 


It will be observed that the brain and eyes are, relatively to the 
whole body-weight, very much larger in the babe than in the adult, 
as is also, though to a less extent, the liver. This disproportion is a 
very marked embryonic feature, and as far as the brain and eye are 
concerned at least, has a morphological or phylogenic, as well as a 
physiological or teleological, significance. Inasmuch as the smaller 
body has relatively the larger surface, the skin is naturally propor- 
tionately greater in the babe. It is chiefly by the accumulation of 
muscle or flesh, properly so called, that the child ac(][uires the bulk 
and weight of the man, the skeletal irame-work, in spite of its being 


* Yierordt, OruTtdtiu der Phy$iologie, 6fh ed. p. COo. 
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specifically lighter in its earlier cartilaginous condition, maintaining 
throughout life about the same relative weight. 

The increase in stature is very rapid in early infancy, proceeding 
however by decreasing increments. According to Quetelet^ there is 
a gain in height of about 20 centimetres during the first year, the 
50 cm. babe enlarging to the 70 cm. infant of one year old; of about 
9 during the second, of about 7 during the third, of about 6^ for the 
fourth, and so on, decreasing to rather below 6 for the succeeding ten 
or twelve years. During, or about puberty, there is again a somewhat 
sudden rise, with a subsequent more steady, but diminishing increase 
up to about the twenty-fifth year. From thence to about fifty years 
of age the height remains stationary, after which there may be a de- 
crease, especially in extreme old age. 

The increase in weight is also very rapid at first, and proceeding, 
like the height, with diminishing increments, may continue till about 
the fortieth year. After the sixtieth year a decline of variable ex- 
tent is generally witnessed. It is a remarkable fact, however, that in 
the first few days of life, so far from there being an increase, there is 
an actual decrease of weight, so that, according to Quetelet, even on 
the seventh day, the weight still continues to be less than at birth. 

The saliva of the babe is active on starch, and its gastric juice has 
good peptic powers, from which we may infer that its digestive pro- 
cesses in general are identical with that of the adult ; but the faeces 
of the infant contain, besides a considerable quantity of undigested 
food (fat, casein, &c.), unaltered bile-pigment, and undecomposed 
bile-salts. 

According to Hamraarsten® the gastric juice of new-born puppies, 
though sufficiently acid to curdle milk, does not contain pepsin, or the 
lactic acid ferment ; it is not till the third week that peptic digestion is set 
up, the casein previously taken being digested by the pancreatic juice ; in 
young rabbits it appears a week earlier. Like Zweifel®, Hammarsten how- 
ever found pepsin in the stomach of the new-born babe. Zweifel states 
that the pancreatic juice in children, while active on fat and proteids from 
the first, is inert towards starch for the first two months ; and that the 
amylolytic ferment is for the same period absent from the submaxillary, 
though present in the parotid saliva. 

The heart of the babe (see Table, p. 556) is, relatively to its body- 
weight, larger than the adult, and the frequency of the heart-beat 
much greater, viz. about 130 or 140 per minute, falling to about 
110 in the second year, and about 90 in the tenth year. Corre- 
sponding to the smaller bulk of the body, the whole circuit of 
the blood system is traversed in a shorter time than in the adult 
(12 seconds as against 22)*; and consequently the renewal of 
the blood in the tissues is exceedingly rapid. The respiration of 

1 Physique Sociale (1869), n. p. 13. 

* Ludwig’s Festyahe (1874), p, 116. 

* Untersuch* u, d. Verdanungs apparat d. Neugehomerif 1874. 

* Vierordt, op. ciU 



558 


METABOLISM OF INFANCY. 


[Book iv. 


the babe is quicker than that of the adult, beiug at first about 85 
per minute, falling to 28 in the second year, to 26 in the fifth 
year, and so onwards. The respiratory work, while it increases 
absolutely as the body grows, is, relatively to the body-weight, 
greatest in the earlier years. It is worthy of notice, that the ab-i 
sorption of oxygen is said to be relatively more active than the 
production of carbonic acid; that is to say, there is a continued accu- 
mulation of capital in the form of a store of oxygen-holding explosive 
compounds (see p. 286). This, indeed, is the striking feature of 
infant metabolism. It is a metabolism directed largely to construc- 
tive ends. The food taken represents, undoubtedly, so much potential 
energy; but before that energy can assume a vital mode, the 
food must be converted into tissue ; and, in such a conversion, mor- 
phological and molecular, a large amount of energy must be ex- 
pended. The metabolic activities of the infant are more pronounced 
than those of the adult, for the sake, not so much of energies which 
are spent on the world without, but as of energies which are for a 
while buried in the rapidly increasing mass of flesh. Thus the infant 
requires over and above the wants of the man, not only an income of 
energy corresponding to the energy of the flesh actually laid on, but 
also an income corresponding to the energy used up in making that 
living sculptured flesh out of the dead amorphous peptone sugar and 
salts, which serve as food. Over and above this, t b infant needs a 
more rapid metabolism to keep up the normal bodily temperature. 
This, which is no less, indeed slightly (’3®) higher, than that of the 
adult, requires a greater expenditure, inasmuch as the infant with 
its relatively far larger surface, and its extremely vascular skin, loses 
heat to a proportionately much greater degree than does the grown 
up man. It is a matter of common experience that children are 
more affected by cold than are adults. 

This rapid metabolism is however not manifest immediately upon birth. 
During the first few days, corresponding to the loss of weight mentioned 
above, the respiratory activities of the tissues are feeble ; the embryonic 
habits seem as yet not to have been completely thrown off, and, as was 
stated on p. 304, new-born animals bear with impunity a deprivation 
of oxygen, which would bo fatal to them later on in life. 

The quantity of urine passed, though scanty in the first two days, 
rises rapidly at the end of the first week, and in youth the quantity 
of urine passed is, relatively to the body-weight, larger than in adult 
life. This may be, at least in quite early life, partly due to the more 
liquid nature of the food, but is. also in part the result of the more 
active metabolism. For not only is the quantity of urine passed, but 
also the amount of urea and some other urinary constituents excreted, 
relatively to the body-weight, greater in the child than in the adult. 
The presence of uric, of oxalic, and according to some, of hippuric 
acids in unusual quantities is a frequent chara^ristic of the urine of 
children. It is stated that calcic phosphates, and indeed the phos- 
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phates generally, are deficient, being retained in tbe body for the 
building up of the osseous skeleton. 

Associated probably* with these constructive labours of the grow- 
ing frame is the prominence of the lymphatic system. Not only are 
the lymphatic glands largely developed and more active (as is pro- 
bably shewn by their tendency to disease in youth), but the quantity 
of lymph circulation is greater than in later years. Characteristic 
of youth is the size of the thymus body, which increases up to the 
second year, and may then remain for a while stationary ; but gene- 
rally before puberty, has suffered a retrogressive metamorphosis, and 
frequently hardly a vestige of it remains behind. The thyroid body 
is also relatively greater in the babe than in the adult; the spleen, 
on the other hand, which grows rapidly in early infancy, is not only 
absolutely, but also relatively, greater in the adult. It need hardly 
be said that the recuperative power of infancy and early youth is 
veiy marked. 

It would be beyond the scope of this work to enter into the 
psychical condition of the babe or the child, and our knowledge 
of the details of the working of the nervous system in infancy 
is too meagre to permit of any profitable discussion. It is hardly 
of use to say that in the young the wdiole nervous system is 
more irritable or more excitable than in later years; by which 
we probably to a great extent mean that it is less rigid, less 
marked out into what, in preceding portions of this work, we have 
spoken of as nervous mechanisms. It may be mentioned that, 
according to Soltmann\ stimulation of Hitzig’s cerebral areas, in 
new-born animals, does not give rise to the usual localised move- 
ments. The sense of touch, both as regards pressure and tem- 
perature, appears well developed in the infant as does also the 
sense of taste, and possibly, though this is disputed, that of smell. 
The pupil (larger in the infant than in the man) acts fully, and 
Bonders* observed normal binocular movements of the eyes in an 
infant less than an hour old. The eye is (in man) from the outset 
fully sensitive to light, though of course visual perceptions ar(‘ 
imperfect. As regards hearing, on the other hand, very little 
reaction follows upon sounds, i.e. auditory sensations seem to be 
dull during the first few days of life ; this may be partly at least 
due to absence of air from the tympanum and a tumid condition 
of the tympanic mucous membrane. As the child grows up his 
senses rapidly culminate, and in his early years he possesses a 
general acuteness of sight, hearing, and touch, which frequently 
becomes blunted as his psychical life becomes fuller. Children 
however are said to be less apt at distinguishing colours than in 
sighting objects; but it does not appear whether this arises from 
a want of perceptive discrimination or from their being actually 
less sensitive to variations in hue. A characteristic of the nervous 

1 Centrhlt. Med. Wise. 1875, p. 209. Jahrb. /. Kinderheilkunde ix. (1875) 106. 

* PflUger's Archiv, xiii. (1876), p. 884. 
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system in childhood, the result probably of the more active meta- 
bolism of the body, is the necessity for long or frequent and deep 
slumber. 

Dentition marks the first epoch of the new life. At about seven 
months the two cerebral incisors of the lower jaw make their way 
through the gum, followed immediately by the corresponding teeth 
in the upper jaw. The lateral incisors, first of the lower and then 
of the Upper jaw, appear at about the ninth month, the first molars 
at about the twelfth month, the canines at about a year and a half, 
and the temporary dentition is completed by the appearance of the 
second molars usually before the end of the second year. 

About the sixth year the permanent dentition commences by 
the appearance of the first permanent molar beyond the second 
temporary molar; in the seventh year the central permanent 
incisors replace their temporary representatives, followed in the 
next year by the lateral incisors. In the ninth year the tempo- 
rary first molars are replaced by the first bicuspids, and in the 
tenth year the second temporary molars are similarly replaced by 
the second bicuspids. The canines are exchanged about the ele- 
venth or twelfth year and the second permanent molars are cut 
about the twelfth or thirteenth year. There is then a long pause, 
the third or wisdom tooth not making its appearance till the 
seventeenth, or even twenty-fifth year, or in bme cases not ap- 
pearing at all. 

Shortly after the conclusion of the permanent dentition (the 
wisdom teeth excepted) the occurrence of puberty marks the be- 
ginning of a new phase of life ; and the difference between the sexes, 
hitherto merely potential, now becomes functional. In both sexes the 
maturation^ of the generative organs is accompanied by the well-known 
changes in the body at large ; but the events are much more cha- 
racteristic in the typical female than in the aberrant male. Though 
in the boy, the breaking of the voice and the rapid growth of the 
beard which accompany the appearance of active spermatozoa, are 
striking features, yet they are after all superficial. The curves of 
his increasing weight and height, and of the other events of his 
economy, pursue for a while longer an unchanged course ; the boy 
does not become a man till some years after puberty; and the decline 
of his functional manhood is so gradual that frequently it ceases only 
when disease puts an end to a ripe old age. With the occurrence of 
menstruation, on the other hand, at from thirteen to seventeen years 
of age, the girl almost at once becomes a woman, and her functional 
womanhood ceases suddenly at the climacteric in the fifth de- 
cennium. And during the whole of the child-bearing period her 
organism is in a comparatively stationary condition. While just 
before the age of puberty, at about the twelfth year, the girl is 
growing at nearly the same rate as the boy, her curve of weight 
rises more rapidly about puberty, but from the nineteenth year on- 
ward to the climacteric, remains stationary, being followed subse- 
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quently by a late increase, so that while the man reaches his 
maximum of weight at about forty, the woman is at her greatest 
weight at about nfty^ 

Of the statical differences of sex, some, such as the formation of 
Jhe pelvis, and the costal mechanism of respiration, are directly 
connected with the act of child-bearing, while others have only an 
indirect relation to that duty ; and indications at least of nearly all 
the characteristic differences are seen at birth. The baby boy is 
heavier and taller than the baby girl, and the maiden of five breathes 
with her ribs in the same way as does the matron of forty. The 
woman is lighter and shorter than the man, the limits in the case of 
the former being from 1’444 to 1*740 metres of height and from 
39*8 and 93*8 kilos of weight, in the latter from 1*467 to 1*890 of 
height, and from 49*1 to 98*5 kilos of weight*. The muscular system 
and skeleton are both absolutely and relatively less in woman, and 
her brain is lighter and smaller than that of man, being about 1272 
grammes to 1424. Her metabolism, as measured by the respiratory 
and urinary excreta, is also not only absolutely but relatively to the 
body-weight less, and her blood is not only less in quantity but also 
of lighter specific gravity and contains a smaller proportion of red 
corpuscles. Her strength is to that of man as about 5 to 9, and the 
relative length of her step as 1000 to 1157. 

From birth onward (and indeed from early intra-uterine life) the 
increment of growth progressively diminishes. At last a point is 
reached at which the curve cuts the abscissa line, and the increment 
becomes a decrement. After the culmination of manhood at forty 
and of womanhood at the climacteric, the prime of life declines into 
old age. The metabolic activity of the body, which at first was 
sufficient not only to cover the daily waste, but to add new material, 
later on is able only to meet the daily wants, and at last is too 
imperfect even to sustain in its entirety the existing frame. Neither 
as regards vigour and functional capacity, nor as regards weight and 
bulk, do the turning-points of the several tissues and organs coincide 
either with each other or with that of the body at larga We have 
already seen that the life of such an organ as the thymus is far 
shorter than that of its possessor. The eye is in its dioptric prime in 
childhood, when its media are clearest and its muscular mechanisms 
most mobile, and then it for the most part serves as a toy ; in later 
years, when it could be of the greatest service to a still active brain, 
it has already fallen into a clouded and rigid old age. The skeleton 
reaches its limit very nearly at the same time as the whole frame 
reaches its maximum of height, the coalescence of the various epi- 
physes being pretty well completed by about the twenty-fifth year. 
Similarly the muscular system in its increase tallies with the weight 
of the whole body. The brain, in spite of the increasing complexity 
of structure and function to which it continues to attain even in 

^ Qaeletet op. cit. * Queletet op. eit, ii. p. 89. 
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middle life, early reaches its limit of bulk and weight. At about 
seven years of age it attains what may be considered as its first limit, 
for though it may increase somewhat up to twenty, thirty, or even later 
years, its progress is much more slow after than before seven. The 
vascular and digestive organs as a whole may continue to increase 
even to a very late period. From these facts it is obvious that 
though the phenomena of old age are, at bottom, the result of the 
individual decline of the several tissues, they owe many of their 
features to the disarrangement of the whole organism produced by 
the premature decay or disappearance of one or other of the con- 
stituent bodily factors. Thus, for instance, it is clear that were there 
no natural intrinsic limit to the life of the muscular and nervous 
systems, they would nevertheless come to an end in consequence of 
tne nutritive disturbances caused by the loss of the teeth. And what 
is true of the teeth is probably true of many other organs, with the 
addition that these cannot, like the teeth, be replaced by mechanical 
contrivances. Thus the term of life which is allotted to a muscle by 
virtue of its molecular constitution, and which it could not exceed 
were it always placed under the most favourable nutritive conditions, 
is, in the organism, determined by the similar life-terms of other 
tissues ; the future decline of the brain is probably involved in the 
early decay of the thymus. 

Two changes characteristic of old age are tl i so-called calcareous 
and fatty degenerations. These are seen in a completely typical 
form in cartilage, as, for instance, in the ribs ; here the protoplasm of 
the cartilage-corpuscle becomes hardly more than an envelope of 
fat globules, and the supple matrix is rendered rigid with amorphous 
deposits of calcic phosphates and carbonates, which are at the same 
time the signs of past, and the cause of future nutritive decline. 
And what is obvious in the case of cartilage is more or less evident 
in other tissues. Everywhere we see a disposition on the part of 
protoplasm to fall back upon the easier task of forming fat rather 
than to carry on the more arduous duty of manufacturing new 
material like itself; everywhere almost we see a tendency to the 
replacement of a structured matrix by a deposit of amorphous 
material. In no part of the system is this more evident than in 
the arteries ; one common feature of old age is the conversion by 
such a change of the supple elastic tubes into rigid channels, whereby 
the supply to the various tissues of nutritive material is rendered 
increasingly more difficult, and their intrinsic delay proportionately 
hurried. 

Of the various tissues of the body the muscular and nervous 
are however those in which functional decline, if not structural decay, 
becomes soonest apparent. The d^amic coefficient of the skeletal 
muscles diminishes tapidly after thirty or forty years of life, and a 
similar want of power comes over the plain muscular fibres also; 
the heart, though it may not diminish, or even may still increase 
in weighty possesses less and less force, and the movements of the 
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intestine, bladder, and other organs, diminish in vigour. In the 
nervous system, the lines of resistance, which, as we have seen, help 
to map out the central organs into mechanisms, and so to produce its 
multifarious actions, become at last hinderances to the passage of ner- 
W)us impulses in any direction, while at the same time the molecular 
energy of the impulses themselves becomes less. The eye becomes 
feeble, not only from cloudiness of the media and presbyopic 
muscular inability, but also from the very bluntness of the retina ; 
the sensory and motor impulses pass with increasing slowness to 
and fro, the central nervous system and the brain becomes a more 
and more rigid mass of protoplasm, the molecular lines of which rather 
mark the history of past actions than serve as indications of present 
potency. The epithelial glandular elements seem to be those whose 
powers are the longest preserved, and hence the man who in 
the prime of his manhood was a ‘martyr to dyspepsia’ by reason 
of the sensitiveness of his gastric nerves and the reflex inhibitory 
and other results of their irritation, in his later years, when his 
nerves are blunted, and when therefore his peptic cells are able to 
pursue their chemical work undisturbed by extrinsic nervous worries, 
eats and drinks with the courage and success of a boy. 

Within the range of a lifetime are comprised many periods of 
a more or less frequent recurrence. In spite of the aids of a com- 
plex civilisation, all tending to render the conditions of his life more 
and equable, man still shews in his economy the effects of the 
seasons. Some of these are the direct results of varying tempera- 
ture, but some probably, such as the gain of weight in winter and 
the loss in summer, are habits acquired by descent. Within the 
year, an approximately monthly period is manifested in the female 
by menstruation, though there is no exact evidence of even a latent 
similar cycle in the male. The phenomena of recurrent diseases, 
and the marked critical days of many other maladies, point to cycles 
of smaller duration than that of the moon’s revolution, for it seems 
probable that in these cases the recurrence is to be attributed rather 
to variations in the medium of the disease, than to periodical phases 
in the disease-producing germ itself. 

Prominent among all other cyclical events is the fact that all 
animals possessing a well-developed nervous system, must, night 
after night, or day after day, or at least time after time, lay them 
down to sleep. The salient feature of sleep is the cessation of the 
automatic activity of the brain ; it is the diastole of the cerebral 
boat. But the condition is not confined to the cerebral hemispheres ; 
all parts of the body either directly or indirectly take share in it. 
The phenomena of sleep are perhaps seen in their simplest form in 
the winter-sleep or hybernation, to which especially cold-blooded 
animals, but also to some extent warm-blooded animals are subject. 
In these cases the cold of winter slackens the vibrations and lessens 
the explosions of the protoplasm, not only of nervous but also of 
muscular and glandular structures ; indeed the activity of the whole 
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body is lowered, in some respects almost to actual arrest. At the 
same time that the labour of the cerebral molecules becomes insuffi- 
cient to develope consciousness, the respiratoiy centre is either wholly 
quiescent or dischai^es feeble impulses at rare intervals, and the 
heart beats with a slow infrequent stroke, not by reason of any 
inhibitory restraint, but because its very substance in its slow 
molecular travail can gather head for explosions only after long 
pauses of rest. And such few and distant beats as do occur are 
amply sufficient to meet the needs of the feeble metabolism of the 
several tissues. The sleep of every day differs from the sleep of 
winter-cold chiefly because the slackening of molecular activities is 
due in the former not to extrinsic but to intrinsic causes, not to 
changes in the medium, but to exhaustion of the subject, and because 
the phenomena are largely confined to the cerebral hemispheres. 
It is true that the whole body shares in the condition; the pulse 
and breathing are slower, the intestine and other internal muscular 
mechanisms are more or less at rest, the secreting organs are less 
active, and the whole metabolism and the dependent temperature 
of the body are lowered ; but we cannot say at present how far these 
are the indirect results of the condition of the nervous system, or 
how far they indicate a partial slumbering of the several tissues. 
We are not at present in a position to trace out the events which 
culminate in this inactivity of the cerebral stn fetures. It has been 
urged ^ that during sleep the brain is anaemic; but even if this 
anaemia is a constant accompaniment of sleep, it must, like the 
vascular condition of a gland or any other active organ, be regarded 
as an effect, or at least as a subsidiary event rather than as a primary 
cause. The explanation of the condition is rather to be sought in 
purely molecular changes ; and the analogy between the systole and 
diastole of the heart, and the waking and sleeping of the brain, may 
be profitably pushed to a very considerable extent. The sleeping 
brain in many respects closely resembles a quiescent but still living 
ventricle. Both are as far as outward manifestations are concerned 
at rest, but both may be awoke to activity by an adequately powerful 
stimulus. Both, though quiescent are irritable, in both the quies- 
cence will ultimately give place to activity, and in both an appro- 
priate stimulus applied at the right time will determine the change 
from rest to action. Just as a single prick will under certain circum- 
stances awake a ventricle, which for some seconds has been motion- 
less, into a rhythmic activity of many beats, so a loud noise will 
atari a man from sleep into a long day’s wakefulness. And just 
as in the heart the cardiac irritability is lowest at the beginning of 
the diastole and increases onwards till a beat bursts out, so is rieep 
deepest at its commencement after the day’s labour ; thence onward 
slighter and slighter stimuli are needed to wake the sleeper. 

^ Dcrliftm, Gity*$ Hospital BeporU, Yol, n. 1860. 
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Kohlschtttter*, judging of the depth of ordinary nocturnal sleep by the 
intensity of the noise required to wake the sleeper, concludes that, increas- 
ing very rapidly at first, it reaches its maximum within the first hour ; 
from thence it diminishes, at first rapidly, bift afterwards more slowly. At 
the end of an hour and a half it falls to one-fourth, at the end of two hours 
to one-eighth of its maximal intensity, and thence onward diminishes with 
gradually diminishing decrements. 

We cannot at present make any definite statements concerning 
the nature of the molecular changes which determine this rhythmic 
rise and fall of cerebral irritability. Preyer*, leaning towards the 
view that the accumulation of the products of protoplasmic activity 
may become in the end an obstruction to that activity, has been led 
to think that the presence of lactic acid, one of the products cer- 
tainly of muscular and probably of nervous metabolism, tends to 
produce sleep; but this is doubtful. The suggestion of Pfluger®, 
that the diminution of irritability, and consequent suspension of 
automatism, is dependent on the exhaustion of the store of intra- 
molecular oxygen (p. 28G), is more worthy of attention. 

As was previously stated (p. 371), there is at present at least no satis- 
factory evidence that the assumption of oxygen is directly dependent on 
the time of day, the striking result obtained by Pettenkofer and Voit there 
quoted not being corroborated by subsef^uent trials*. The hypothesis of 
Pfliiger, therefore, unless subsequent researches reinstate Pettenkofer and 
Voit’s first view, needs an addition to explain how it is that the store of 
intramolecular oxygen becomes exhausted in the nervous system. Henke® 
had previously put forward a not wholly unlike hypothesis, as had also 
Sommer®. 

The phenomena of sleep shew very clearly to how large an extent 
an apparent automatism is the ultimate outcome of the effects of 
antecedent stimulation ^ When we wish to go to sleep we withdraw 
our automatic brain as much as possible from the influence of all 
extrinsic stimuli ; and an interesting case is recorded® of a lad whose 
connection with the external world was, from a complicated anaes- 
thesia, limited to that afforded by a single eye and a single ear, 
and who could be sent to sleep at will, by closing the eye and stop- 
ping the ear. 

The cycle of the day is however manifested in many other ways 
than by the alternation of sleeping and waking, with all the in- 
direct effects of these two conditions. There is a diurnal curve of 
temperature (see p. 379) apparently independent of all immediate 

1 ZHUchr. f. Rat, Med, xvn. (1862) p. 209, xrxiv. (1869) p. 42. 

* Centralhlatt f, Med, WUe, 1875, p, 677. Veber die Ursache dee Schlafee^lBll . 

* Pfliiger’s Arehiv, x. (1876) p. 468. 

^ Siteungsbericht. Acad. Wies, Miinchen, 1866—67. 

« Zeitschr. f. Rat. Med. tly. (1861) p. 868. 

« Zeitschr, f. Rat, Med, xzxzu. (1868). 

7 Cf. Heubel. Pfluger’s Arehiv, xiv. (1877) 168. 

® PfiUger^s Arehiv, xv. (1877) p. 678. 
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circumstances, the hereditary impress of a long past sequence of 
days and nights. Even the pulse, so sensitive of aU bodily changes, 
shews, running through all the immediate effects of the changes 
of the minute and the hour, the working of a diurnal influence 
which cannot be accounted for by waking and sleeping, by working 
and resting, by meals and abstinence between meals. And the same 
may be said concerning the rhythm of respiration, and the products 
of pulmonary, cutaneous and urinary excretion. There seems to be 
a daily curve of bodily metabolism, which is not the product of the 
day’s events. Within the day we have the narrower rhythm of the 
respiratory centre with the accompanying rise and fall of activity 
in the vaso-motor centres. And lastly, as the fundamental fact of all 
bodily periodicity is that alternation of the heart’s systole and diastole 
which ceases only at death. Though, as we have seen, the inter- 
mittent flow in the arteries is toned down in the capillaries to an 
apparently continuous flow, still the constantly repeated cycle of the 
cardiac shuttle must leave its mark throughout the whole web of the 
body’s life. Our means of investigation are, however, still too gross to 
permit us to track out its influence. Still less are we at present in 
a position to say how far the fundamental rhythm of the heart itself, 
that rhythm which is influenced, but not created by the changes of 
the body of which it is the centre, is the result of cosmical changes, 
the reflection as it were in little of the cycles ( the universe, or how 
far it is the outcome of the inherent vibrations of the molecules which 
make up its substance. 
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When the animal kingdom is surveyed from a broad stand-point, it 
becomes obvious that the ovum, or its correlative the spermatozoon, is 
the goal of an individual existence : that life is a cycle beginning in 
an ovum and coming round to an ovum again. The greater part of 
the actions which, looking from a near point of view at the higher 
animals alone, we are apt to consider as eminently the purposes for 
which animals come into existence, when viewed from the distant 
outlook whence the whole living world is surveyed, fade away into 
the likeness of the mere byplay of ovum-bearing organisms. The 
animal body is in reality a vehicle for ova ; and after the life of the 
parent has become potentially renewed in the offspring, the body 
remains as a cast-off envelope whose future is but to die. ^ 

Were the animal frame not so complicated a machine as it is, 
death might come as a simple and gradual dissolution, the ‘sans 
everything' being the last stage of the successive loss of fundamen- 
tal powers. As it is, however, death is always more or less violent ; 
the machine comes to an end by reason of the disorder caused by the 
breaking down of one of its parts. Life ceases not because the mole- 
cular powers of the whole body slacken and are lost, but because 
a weakness in one or other part of the machinery throws its whole 
working out of gear. 

We have seen that the central factor of life is the circulation 
of the blood, but we have also seen that blood is not only useless, 
but injurious, unless it be duly oxygenated; and we have further 
seen that in the higher animals the oxygenation of the blood can 
only be duly effected by means of the respiratory muscular mechan- 
ism, presided over by the medulla oblongata. Thus the life of a 
complex animal is, when reduced to a simple form, composed of three 
factors ; the maintenance of the circulation, the access of air to the 
haemoglobin of the blood, and the functional activity of the respira- 
tory centre ; and death may come from the arrest of either of these. 
As Bichat put it, death takes place by the heart or by the lungs or 
by the brain. In reality, however, when we push the analysis further, 
tlie central fact of death is the stoppage of the heart, and the conse- 
quent arrest of the circulation ; the tissues then all die, because they 
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lose tbeir internal medium. The failure of the heart may arise in 
itself, on aeoount of some failure in its nervous or muscular elements, 
or by reason of some mischief affecting its mechanical working. Or 
it may be due to some fault in its internal medium, such for instance 
as a want of oxygenation of the blood, which in turn may be caused 
by either a change in the blood itself, as in carbonic oxide poisoning, 
or by a failure in the mechanical conditions of respiration, or by a 
cessation of the action of the resj»ratory centre. The failure of this 
centre, and indeed that of the heart itself, may be caused by nervous 
influences proceeding from the brain, or brought into operation by 
means of tne central nervous system; it may, on the other hand, 
be due to an imperfect state of blood, and this in turn may arise 
from the imperfect or perverse action of various secretoiy or other 
tissues. The modes of death are in reality as numerous as are the 
possible modifications of the various factoi*s of life; but they all 
end in a stoppage of the circulation, and the withdrawal from the 
tissues of their internal medium. Hence we come to consider the 
death of the body as marked by the cessation of the heart’s beat, a 
cessation from which no recovery is possible ; and by this we are 
enabled to fix an exact time at which we say the body is dead. 
We can, however, fix no such exact time to the death of the indi- 
vidual tissues. They are not mechanisms, and their death is a 
gradual loss of power. In the case of the contraJtile tissues, we have 
in rigor mortis an apparently fixed terra, by which we can mark the 
death of the muscles. If we admit that after the onset of rigor 
mortis recovery of irritability is impossible, then a rigid muscle is one 
permanently dead. In the case of the other tissues, we have no such 
objective sign, since the rigor mortis of simple protoplasm manifests 
itself chiefly by obscure chemical signs. And in all cases it is ob- 
vious that the possibility of recovery, depending as it does on the 
skill and knowlrage of the experimenter, is a wholly artificial sign of 
death. Yet we can draw no other sharp line between the seemingly 
dead tissue whose life has flickered down into a smouldering ember 
which can still be fanned back again into flame, and the aggregate of 
chemical substances into which the decomposing tissue crumbles. 

Moreover, the failure of the heart is at bottom loss of irrita- 
bility, and the possibility of recovery here also rests, as far as is 
known at present, on the skill and knowledge of those who attempt 
to recover. So that after all the signs of the death of the whole body 
are as artificial as those of the dea& of the constituent tissues. 
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Native protoiJasm, whenever it can be obtained in sufficient quantity for 
chemical analysis, is found to contain representatives of three large classes 
of chemical substances, j^roteids, carbohydi'ates and fats, in association 
with smaller quantities of vaiious saline and other crystalline bodies. By 
proteids are meant bodies containing carbon, oxygen, hydrogen and nitrogen 
in a certaui proportion, varying within narrow limits, and having certain 
general features; they are frequently S2)oken of as albuminoids. By car- 
bohydrates are meant staixjhes and sugars and their allies. Of these three 
classes of bodies, the proteids form the chief mass of ordinary protoplasm, 
but fats and cai*bohydrjites are never wholly absent. To obtain evidence 
of the presence of any one of them in living protoplasm we are obliged to 
submit the protoplasm to destructive analysis. We do not at present 
know anything definite about the molecular composition of active living 
protoplasm; but it is more than probable that its molecule is a large 
complex one in which a proteid substance is peculiarly associated with a 
complex fat and with some representative of the carbohydrate group, i,e, 
that each molecule of protoplasm contains residues of each of these three 
great classes. 

The whole animal body is modified protoplasm. Consequently when 
we examine the various tissues and fluids from a chemical point of view, 
we find present in difierent places, or at diflerent times, several varieties 
and derivatives of the three chief classes; we find many foms of proteids 
and derivatives of proteids in the forms of gelatine, chondrin, &c. ; many 
varieties of fats ; and several kinds of carbohydrates. 

We find moreover many other bodies which we may regard as stages 
in the constructive or destructive metabolism of both native and differen- 
tiated protoplasm, and which are important not so much from the quantity 
in which they occur in the aniTTiftl body at any one tune as from their 
throwing light on the nature of animal metabolism; these are such bodies 
as urea, lactic acid, and the extractives in general. 
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In the following pages the chemical features of the more important of 
these various substances winch are known to occur in the animal body will 
be briefly considered, such characters only being described as possess or 
promise to possess physiological interest The physiological function of 
any substance must depend ultimately on its molecular (including its 
chemical) nature; and though at present our chemical knowledge of the 
constituents of an animal body gives us but little insight into their 
physiological properties, it cannot be doubted that such chemical in- 
formation as is attainable is a necessary preliminary to all physiological 
study. 


PROTEIDS. 

These form the principal solids of the muscular, nervous, and glandular 
tissues, of the serum of blood, of serous fluids, and of lymph. In a healthy 
condition, sweat, tears, bile and urine contain mere traces, if any, of 
proteids. Their geneitd percentage composition may be taken as 

0. H. N. C. S. 

From 20-9 6*9 15-2 51*5 0*3 

to 23-5 to 7-3 to 17-0 to 54*5 to 2 0 

(Hoppe-Seylcr\) 

These figures are obtained from a consideration of numerous analyses, slight 
differences in the various results being immaterial, where the purity of the substance 
operated upon cannot be definitely determined. 

In addition to the above constituents, proteids leave on ignition a variable quantity 
of ash. In the case of egg^albumin the principal constituents of the ash are chlorides 
of sodium and potassium, the latter greatly exceeding the former in amount. The 
remainder consists of sodium and potassium, in combination with phosphoric, sul- 
phuric, and carbonic acids, and very small quantities of calcium, magnesium and iron, 
in union with the same acids. There is also a trace of silica®. The ash of serum- 
albumin contains an excess of sodium chloride, but the ash of the proteids of muscle 
contains an excess of potash salts and phosphates. The nature of the connection of 
the ash with the proteid is still a matter of obscurity. Globin from hemoglobin is 
f^ from ash. 

Proteids are all amorphous ; some are soluble, some insoluble in water, 
and all are for the most part insoluble in alcohol and sether ; they are all 
soluble in strong acids and alkalis, but in becoming dissolved mostly undergo 
decomposition. Their solutions possess a left-handed rotatory action on the 
plane of polarisation, the amount depending on various circumstances, and 
being, with one exception, viz. peptones, changed by heating. 

1 Hdh, Phyi. Path, Chem. Anal Ed. iv. (1875) p. 223. 

^ Bee Gmeliu, Hbd, Org, Chm. Bd. vixi. p, 285. 
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Their presence may be detected by the following tests. 

1. Heated with strong nitric acid, they turn yellow, and this colour 
is, on the addition of ammonia, changed to a deep orange hue, (Xantho- 
proteic reaction.) 

2. With Millon’s reagent they give, when present in sufficient quantity, 
a precipitate, which, with the supernatant fluid, turns red on heating. If 
they are only present in traces, no precipitate is obtained, but merely 
the red colouration. 

3. With caustic soda solution, and one or two drops of a solution of 
cupric sulphate, a violet colour is obtained, which deei)ens on boiling. 

The above serve to detect the smallest traces of proteids. The two 
following tests may be used when there is more than a trace present. 

4. Render the fluid strongly acid with acetic acid, and add a few 
drops of a solution of ferrocyanide of potassium; a precipitate shews the 
presence of proteids. 

6. Render the fluid, as before, strongly acid with acetic acid, add an 
equal volume of a concentrated solution of sodium sulphate, and boil. A 
precipitate is formed if proteids are present. 

This last reaction is useful, not only on accountof its exactness, but also because 
the reagents used produce no decomposition of other bodies which may be present ; 
and hence after filtration the same fluid may be further analysed for other sub- 
stances. Additional methods of freeing a solution from proteids are: acidulating 
with acetic acid and boiling, avoiding any excess of the acid ; precipitation by excess 
of alcohol ; in the latter case the solution must be neutral or faintly acid. Hoppe- 
Seyler^ recommends the employment of a saturated solution of freshly precipitated 
ferric oxide, in acetic acid. 

Proteids may be very conveniently divided into Classes. 

Class I. Native Alhumim. 

Members of this class, as their name impKes, occur in a natural con- 
dition in animal tissues and fluids. They are soluble in water, are not 
precipitated by very dilute acids, by carbonates of the alkalis, or by sodiiira 
chloride. They are coagulated by heating to a temperature of about 70". 
If dried at 40®, the resulting mass is of a pale yellow colour, easily friable, 
tasteless, and inodorous. 

1. Egg-albumin. 

Forms in aqueous solution a neutral, transparent, yellowish fluid. 
From this it is precipitated by excess of strong alcohol. If the alcohol be 
rapidly removed the precipitate may be readily redissolved in water; if 


^ Op. cit, p. 227. 
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subjected to lengthier action a coagulation occurs, and the albumin is then 
no longer thus soluble. Strong acids, especially nitric acid, cause a coagula- 
tion similar to that produced by heat or by the prolonged action of alcohol; 
the albumin becomes profoundly changed by the action of the acid and 
does not dissolve upon removal pf the acid. Mercuric chloride, silver 
nitrate, and lead acetate, precipitate the albumin without coagulation; 
on removal of the precipitant the precipitate may be redissolvod. 

Strong acetic acid in excess gives no precipitate, but when the solution 
is concentrated ti’ansforms it into a tninsparent jelly. A similar jelly is 
produced when strong caustic potash is added to a concentrated solution of 
egg-albumin. In both these cases the substance is profoundly altered. 

The specific rotatory power of egg-albumin in aqueous solution is, for 
yellow light, —35*5®. Hydrochloric acid, added until the reaction is strongly 
acid, increases this rotation to - 37*7®. The formation of the gelatinous 
compound with caustic potash is at first accompanied with an increase, but 
this is followed by a decrease of rotation. 

Preparation. White of lien’s egg is broken uj) with scissors into small 
pieces, diluted with an equal bulk of water, and the mixture shaken 
strongly in a flask till quite frothy; on standing, the foam rises to the toj), 
and caiTies all the fibres in whose meshwork the alb ^min was contained. 
The fluid, from which the foam has been removed, is strained, and treated 
carefully with dilute acetic acid as long as any precipitate is formed; 
the preci])itate is then filtered off, and the filtrate after neutralisation con- 
centi*ated at 40® to its original brdk. 


2. Serum-albumin, 

This form of albumin resembles, to a great extent, the one previously 
described. The following may suffice as distinguishing features. 

1. The specific rotation of serum-albumin is — 5C®; that of egg- 
albumin is - 35*5®, both measured for yellow light, 

2. Serum-albumin is not coagulated by tether, egg-albumin is. 

3. Serum-albumin is not very readily precipitated by strong hydro- 
chloric acid, and such precipitate as does occur is readily redissolved on 
further addition of the acid; the exact reverse of these two features holds 
good for egg-albumin. 

4. Precipitated or coagulated serum-albumin is readily soluble, egg- 
albumin is with difficulty soluble, in strong nitric acid. 

Serum-albumin is found not only in blood-serum, but also in lymph, 
both that contained in the proper lymphatic channels and that diffused 
in the tissues, in chyle, milk, transudations, and many pathological fluids. 
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It is this form which albumin generally assumes when it appears in the 
urine. 

In addition to the above, Scherer^ has described two closely related bodies, to which 
he gives the names Paralbumin and Metalbumin. The first ho obtained from ovarian 
cysts ; its alkaline solutions are remarkable for being very ropy. It seems doubtful 
whether this body is a proteid ; it differs sensibly in composition from these. Haerlin* 
gives as its composition, 0. 26*8, H. 6*9, N. 12*8, C. 51*8, S. 1*7 p. c. It seems to be 
associated with some body like glycogen, capable of being converted into a substance 
giving the reactions of dextrose. Metalbumin, found in a dropsical fluid, resembles the 
preceding, but is however not precipitated by hydrochloric acid, or by acetic acid and 
ferrocyanide of potassium; it is precipitated, but not coagulated, by alcohol; its 
solution is scarcely coagulated on boiling. 

Albumins are generally found associated with small but definite 
amounts of saline matter. A. Schmidt® says that they may be freed from 
these by dialysis, and that they are then not coagulated on boiling. From 
this it might be inferred that the albumin and the saline matters wore 
peculiarly related, and tluit the latter played some specral part during the 
coagulation of the former by heat. Schmidt’s observations however have 
not been conclusively corroborated by subsequent observers. 

Class II. Derived Albimins {Albuminates). 

1. Acidrcdbmiin. 

When a native albumin in solution, such as serum-albumin, is treated 
for some little time with a dilute acid such as hydrochloric, its properties 
become entirely changed. The most marked changes are (1) that the 
solution is no longer coagulated by heat ; (2) that when the solution is 
carefully neutralized the whole of the proteid is thrown down as a pre- 
cipitate; in other words, the serum-albumin which was soluble in water, 
or at least in a neutral fluid containing only a small quantity of neutral 
salts, has become converted into a substance insoluble in water or in 
similar neutral fluids. The body into which serum-albumin thus becomes 
converted by the action of an acid is spoken of as acuLalbumin. Its 
characteristic features are that it is insoluble in distilled water, and 
in neutral saline solutions, S’lch as those of sodium chloride, that it 
is readily soluble in dilute acids or dilute alkalis, and that its solutions 
in acids or alkalis are not coagulated by boiling. When suspended, 
in the undissolved state, in water, and heated to 70®, it becomes coagulated, 
and is then undistinguishable from coagulated serum-albumin, or indeed 
from any other form of coagulated proteid. It is evident that the sub- 

1 Ann, der Chem. und Pharm, Bd. 82, p. 186. 

* Chem, Centralhlatt, 1862. No. 66. 

» PflOger’s Arckiv xi. (1876), p. 1. 
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stance when in solution in a dilute add is in a different condition from 
that in which it is when precipitated by neutralisation* K a quantity 
of serum- or egg-albumin be treated with dilute hydrochloric acid, it will be 
found that the conversion of the native albumin into acid-albumin is 
gradual; a specimen heated to 70^ immediately after the addition of the 
dilute add, will coagulate almost as usual; and another specimen taken 
at the same time will give hardly any precipitate on neutralisation. Some 
time later, the interval depending on the proportion of the acid to the albu- 
min, on temperature, and on other circumstances, the coagulation will be 
less, and the neutralisation precipitate will be considerable. Still later the 
coagulation will be absent, and the whole of the proteid will be thrown 
down on neutralisation. 

If finely-chopped muscle, from which the soluble albumins have been 
removed by repeated washing, be treated for some time with dilute 
(*4 per cent.) hydrochloric acid, the greater part of the muscle is dissolved. 
The tmiisparent acid filtrate contains a large quantity of proteid material 
in a form which, in its general characters at least, agrees with add- 
albumin. The acid solution of the proteid is not coagulated by boiling, 
but the whole of the proteid is predpitated on neutralisation; and the 
precipitate, insoluble in neutral sodium chloride so} ^ions, is readily dis- 
solved by even dilute acids or alkalis. The proteid thus obtained from 
muscle has been called syntonin, but we have at present no satisfactory 
test to distinguish the acid-albumin (or syntonin) prepared from muscle 
from that prepared from egg- or serum-albumin. When coagulated albiunin 
or other coagulated proteid or fibrin is dissolved in strong adds, acid- 
albumin is formed ; and when fibrin or any other proteid is acted upon by 
gastric juice, acid-albumin is one of the first products; and these acid- 
albumins cannot be distinguished from acid-albumin prepared from muscle 
or native albumin. Though hydrochloric add is perhaps the most con- 
venient add for forming acid-albumin, other adds may also be used for 
the purpose of preparing it. Acid-albumin is soluble not only in dilute 
alkalis, but also in dilute solutions of alkaline carbonates; its solutions in 
these are not coagulated by boiling. 

If sodium chloride in excess is added to an add solution of acid- 
albumin, the acid-albumin is precipitated: this also occurs on adding 
sodium acetate or phosphate. 

As special tests of add-albumin may be given: 1. Partial coagulation 
of its solution in lime-water on boiling. 2. Further predpitation of the 
same solution after boiling, on the addition of calcium chloride magnesium 
sulphate, or sodium chloride. 

Dissolved in veiy dilute hydrochloric add, add-albumin (syntonin) 
pr(^)ared from muscle possesses a specific Invo-rotatory power of - 72^ for 
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yellow light, this being independent of the concentration \ On heating 
the solution in a closed vessel in a water-bath, the rotatory power rises 
to- 84-8®. 


2. Alkall<Ilhwrmn. 

If serum- or egg-albumin or washed muscle be treated with dilute alkali 
instead of with dilute acid, the proteid undergoes a change quite similar 
to that which was brought about by the acid. The alkaline solution, when 
the change has become complete, is no longer coagulated by heat, the pro- 
teid is wholly precipitated on neutralisation, and the precipitate, insoluble 
in water and in neutral sodium chloride solutions, is readily soluble in 
dilute acids or alkalis. Indeed in a general way it may be said that acid- 
albumin and alkali-albumin are nothing more than solutions of the same 
substance in dilute acids and alkalis respectively. When the precipitate 
obtained by the neutralisation of a solution of acid-albumin in dilute acid 
is dissolved in a dilute alkali, it may be considered to become alkali- 
albumin; and conversely when the precipitate obtained from an alkali- 
albumin solution is dissolved in dilute acid, it may be regarded as acid- 
albumin. 

A characteristic featui’e of this modified or derived albumin is that 
it is not precipitated when its alkaline solutions are neutralised in the 
presence of alkaline phosphates; the acid solutions on the contrary are 
precipitated on neutralisation in the presence of alkaline phosphates. Hence 
it is frequently said that acid-albumin is precipitated on neutmlisation 
in the pnjsence of alkaline phosphates, but that alkali-albumin is not. 

Alkali-albumin may be prepared by the action not only of dilute 
alkalis but also of strong caustic alkalis on native albumins as well as on 
coagulated albumin and other protoids. The jolly produced by the action 
of caustic potash on concentmted white of egg, spoken of in Class I. 1, is 
alkali-albumin; the similar jelly xu’oduced by strong acetic acid is acid- 
albumin. 

Both alkali- and acid-albumin are with difficulty precipitated by alcohol 
from their alkaline or acid solutions. The neutralisation precipitate how- 
ever becomes coagulated under the prolonged action of alcohol. 

The body ‘protein,* for whose existence Mulder has so much contended, appears, if 
it exists at all, to be closely connected with this body. All subsequent observers have 
however failed to confirm his views. 

The rotatory power of alkali-albumin varies according to its source; 
thus when prepared by strong caustic potash from serum-albumin, the 
rotation rises from - 66® (that of serum-albumin) to - 86®, for yellow light. 

1 Hoppe-Seyler, Hdbk, Phy$. Path, Chem. Anal. p. 246# 


P. P* 


37 



578 


PROTEIDS. 


[App, 

Similarly prepared from egg-albumin, it rises from -35*6® to -47®, and 
if from coagulated white of egg, it rises to — 58*8®, Hence the existence 
of various forms of alkali-albumin is probable. 

In addition to the methods given above, alkali-albumin maybe also readily obtained 
by shaking milk with strong caustic soda solution and ©ther, removing the ©therial* 
solution, precipitating the remaining fluid with acetic acid and washing the precipitate 
with water, cold alcohol and ©ther. 

The most satisfactory method of regarding acid- and alkali-albumin is 
to consider them ae respectively acid and alkali compounds of the neu- 
tralisation precipitate. Wo have reason to think that when the precipitate 
is dissolved in either an acid or an alkali, it does enter into combination 
with them. The neutralisation precipitate is in itself neither acid- nor 
alkali-albumin, but may become either, upon solution in the respective 
reagent 

It is probable that several derived albumins exist, differing according to the proteid 
from which they are formed or possibly according to the mode of their preparation, and 
tliat each of these may exist in its correlative forms of acid- and alkali-albumin ; but 
the whole subject requires further investigation. 

Acid-albumin, prepared by the direct action of dilute acids on native 
albumins or on muscle-substance, contains sulphur, ar shewn by the brown 
colouration which appears when the precipitate is beat/4d with caustic potash 
in the presence of basic lead acetate. Alkali-albumin, at all events as pre- 
pared by the action of strong caustic potash or soda, does not contain any 
sulphur; and the acid-albiimin, prepared by the solution in an acid of the 
neutralisation precipitate from such an alkali-albumin solution, is similarly 
free from sulphur. 

3. Casein^ 

T^ds is the well-known proteid existing in milk. When freed from fat, 
and in the moist condition, it is a white, friable, opaque body. In most of 
its reactions it corresponds closely with alkali-albumin ; thus it is readily 
soluble in dilute acids and alkalis, and is re-precipitated on neutralisation ; 
if, however, potassium phosphate is present, as is the case in milk, the solu- 
tion must be strongly acid before any precipitate is obtained. 

It is generally said to be distinguished from artificial alkali-albumin, by 
the following tests. L The latter if heated with caustic potash yields 
no sulphide of the alkali; casein does. 2. Casein digested with artificial 
gastric juice gives a body containing phosphorus, whereas an alkali-albumin 
containing no phosphorus can be prepared fh)m white of egg. 

Casein, as oecniring in milk, has had several reactions ascribed to it, as character- 
istic ; but these lose their importance on considering that milk contains, in addition to 
casein, other substances such as potassium phosphate, and a number of bodies which 
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yield acids by fermentation. The presence of potassium phosphate has an especial 
influence on the reaction of casein. In the entire absence of this salt, acetic acid in the 
smallest quantities, as also carbonic acid, gives a precipitate ; but if this salt is present, 
carbonic acid gives no precipitate, and acotio acid one only when the solution is acid 
from the presence of free acid, and not from that of acid potassium phosphate^. 

When prepared from milk by magnesium sulphate (see below), freed 
by aether from fats, and dissolved in water, casein possesses a specific rota- 
tory power of —80® for yellow light; in dilute alkaline solutions, of —76°; 
in strong alkaline solutions, of —91°; in dilute hydrochloiic acid, of -87°, 
Casein has been asserted to occur in muscle, in serous fluids, and in 
blood-serum. In many cases it has probably been confounded with globu- 
lin (see Class III.); but blood-scrum and muscle-plasma undoubtedly con- 
tain an alkali-albumin in addition to whatever globulin may be present. 
Its presence may bo shewn by adding dilute acetic acid to blood-serum 
which has been freed from globulin by a current of carbonic acid gas ; a dis- 
tinct precipitate is thrown down. A substance similar to casein has also 
been described as existing in uustiiated muscle and in the protoplasm of 
nerve-cells. 

Preparation, Dilute milk with several times its bulk of water, add 
dilute acetic acid till a precipitate begins to appear, then pass a current of 
carbonic acid gas, filter, and wash the precipitate with water, alcohol and 
mther. Magnesium sulphate added to saturation also precipitates casein 
from milk; as the precipitate thus formed is readily soluble on the addition 
of water. 

Class III. Glohulim, 

Besides the native albumins there are a number of native proteids 
which differ from the albumins in not being soluble in distilled water; 
they need for their solution the presence of an appreciable, though it may 
be a small, quantity of a neutral saline body such as sodium chloride. 
Thus they resemble the albuminates in not being soluble in distilled water, 
but differ from them in being soluble in dilute sodium chloride or other 
neutral saline solutions. Their general characters may be stated as 
follows. 

They are insoluble in water, soluble in dilute (1 p.c.) solutions of sodium 
chloride; they are also soluble in dilute acids and alkalis, being changed on 
solution into add- and alkali-albumin respectively. The saturation with 
solid sodium chloride of their solutions in dilute sodium chloride, precipi- 
tates most members of this class. 

1, Globulin {CryataUin). 

If the crystalline lens be rubbed up with fine sand, extracted with 
water and filtered, the filtrate will be found to contain at least three 
1 See Kahne, LeUrhuch, p. 565, 
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proteids. On passing a current of carbonic acid gas a oopious precipitate 
occurs; this is globulin. 

The addition of dilute aoetio add to the filtrate from the globulin, gives a preoipi* 
tate of alkali-dbumin ; and the filtrate from this if heated gives a further predpitate, 
due to serum-albumin. 

In its general reactions globulin corresponds almost exactly with the 
next members of this class (paraglobulin and fibrinogen), but has no power 
to form or promote the formation of fibrin in fluids containing the above- 
mentioned bodies, and possesses the following special features. 1. According 
to Lehmann, its oxygenated, neutral solutions become cloudy on heating to 
73®, and are coagulated at 93®. 2. It is readily precipitated on the addition 

of alcohol. According to Hoppe-Seyler, it is not precipitated on saturation 
with sodium chloride, resembling vitellin in this respect. 

2. ParaglohuiUn {Fihriiiopl(i8tm). 

Preparation* Blood-serum is diluted ten-fold with water, and a brisk 
current of carbonic acid gas is passed through it. The first-formed cloudi- 
ness soon becomes a flocculent precipitate, which is finally quite granular, 
and may easily be separated by decantation and filtration: it should be 
washed on the filter with water containing carbonic acid. It may also be 
separated from serum, by saturation with sodium chit ride, or magnesium 
sulphate. 

From its solution in dilute sodium chloride, it may be precipitated by a 
current of carbonic acid gas, or the addition of exceedingly dilute (less than 
1 pro mille) acetic acid. If the acid is strong enough to dissolve the 
precipitated proteid, this becomes immediately changed into acid-albumin 
(Class II.). In pure water, free from oxygen, paraglobulin is insoluble, 
but on shaking with air or {massing a current of oxygen, solution readily 
takes place ; from this it may be re-precipitated by a current of carbonic 
acid gas. Very dilute alkalis dissolve this body without change; if, how- 
ever, the strength of the alkali be raised even to 1 p. c. the paraglobulin is 
changed into alkali-albumin (Class II.). 

According to Kiihne and A. Schmidt the solutions of this body in water 
containing oxygen or in very dilute alkalis are not coagulated on heating. 
The sodium chloride solutions are however coagulable, and if the sub- 
stance itself be suspended in water and heated to 70" it is coagulated. 
Although insoluble in alcohol, its solutions are with difiSculty precipitated 
by this reagent. 

A characteristic test for this body is that it gives rise to fibrin when 
added to many transudations, e,g. hydrocele, pericardial, peritoneal, and 
pleural fluids. 

Paraglobulin occurs not only (and chiefly) in blood-serum, but it is also 
found in white corpuscles, in the stroma of red corpuscleB (to some extent 
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at leajst), in connective tissue, cornea, aqueous humour, lymph, chyle, and 
serous fluids. 

For the ooenrrenoe of globulin in urine, see Edlefsen^ and Senator*. 

3. Fibrinogen. 

The general reactions of this body are identical with those of paraglo- 
bulin. The characteristic test for its presence is the formation of fibrin 
wlien its solution is added to a solution known to contain paraglobulin and 
fibrin-ferment. Minor difierences between the two may be thus enume- 
rated: — In the preparation of fibrinogen, the containing fluid must be 
much more strongly diluted, and the current of carbonic acid gas must pass 
for a much longer time. The precipitate thus obtained differs from that of 
paraglobulin in that it forms a viscous deposit, adhering more closely to 
the sides and bottom of the containing vessel; there is also no flocculent 
stage previous to the viscous precipitate. The two also exhibit slight 
microscopical differences. Alcohol and aether both precipitate this body 
from its solution, but a mixture of the two (3 parts alcohol, 1 part sether) 
is most effectual. 

Fibrinogen occurs in blood, chyle, serous fluids, and in various transu- 
dations. 

Preparation. This is the same as for paraglobulin, regard being had to 
the peculiarities mentioned above. 

There is no proof that tlie wliole of the substance throivn down by car- 
bonic acid from diluted blood-serum is fibrinoplastic. We know for certain 
(see p. 21) that the whole of the fibrinojdastic precipitate, used to cause 
the coagulation of a fibrinogenous fluid, does not enter into the composition 
of the fibrin produced; we also know that such a precipitate may lose its 
fibrinoplastic powers without any marked change in its general reactions. 
It would seem advisable therefore to si)eak of the deposit produced by 
carbonic acid in dilute scrum, or by saturation with sodium chloride in un- 
diluted serum, as globulin, and to distinguish it as fibrinoplastic globulin 
when it is able to give rise to fibrin. Fibrinogen similarly might be 
six)ken of as fibrinogenous globulin. The name crystallin rather than 
globulin might then be given to the substance obtained from the crystal- 
line lens. 

4. Myoein. 

This is the substance which forms the chief proteid constituent of dead, 
rigid muscle; its general properties and mode of preparation have been 
already described at p. 33. In the moist condition, it forms a gelatinous, 
elastic, clotted mass; dried, it is very brittle, slightly transparent and 

1 Centralblatt f. d. med. Wits. 1870, p. 867. Also Arch, f, klin. Med. Bd. 7, p. 69, 

* Virchow’s Archiv, Bd. 60, p. 476. 
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elastic. From its solution in a sodium cMoride solution it is precipitated, 
either by extreme dilution, or by saturation with the solid salt. The same 
solution, if exposed to a rising temperature, becomes milky at 55®, and gives 
a flocculent precipitate at 60®. This is however no longer myosin, for it 
is insoluble in a 10 p. c. sodium chloride solution, and does not, until 
after many days’ digestion, yield 8}Titonin on treatment with hydrochloric 
acid (-1 p. c.). It is in fact coagulatt‘d proteid (see Class V.). A similar 
coagulation occura if the solid substance be suspended in water and heated 
to 70®. 

Myosin is excessively soluble in dilute acids and alkalis, but under- 
goes in the act of solution a radical change, becoming in the one case acid- 
albumin or syntonin, in the other alkali-albumin (Class II.). 

Like fibrin, it can in some cases decompose hydrogen dioxide, and oxidise gnaiacum 
to a blue colour. 

5. Vitellin^ 

As obtained from yolk of egg, of which it is the chief proteid con- 
stituent, \dtellin is a white granular body, insoluble in water, but very soluble 
in dilute socliuiii chloride solutions; it sui-passes myosin in this respect, 
for the solution may be easily filtered. Saturation with solid sodium 
chloride gives no precipitate; in this I'espect it differs from most other 
members of this class. In yolk of egg vitellin is always associated with, 
and probably exists in combination with, the i>eculiar complex body lecithin 
(see p. 609). From this it has not as yet been freed without coagulation 
occurring; hence probably we are unaecpiainted with it in. its normal state. 

Denis, and after him, Hoppe- Seyler, have shown that vitellin before the treatment 
requisite to free it from lecithin, possesses properties quite different from other 
proteids. 

A theory has been advanced that vitellin is really a complex body like 
haemoglobin, and on ti'eatment with alcohol splits up into coagulated jiro- 
teid and lecithin. When well purified it contains *75 p. c. sulphur, but 
no phosphonis. Dilute acids or alkalis readily convert it in its un- 
coagulated form into a member of Class 1 1. 

Fremy and Valenciennes ^ have described a series of proteids, viz. ichthin, ichtbidin, 
Ac., derived from fish and amphibia. They appear to be either identical with, or 
closely related to, vitellin. 

Preparation, Yolk of egg is treated with successive quantities of fiotlier, 
as long a9 this extracts any yellow colouring matter; the residue is dis- 
solved in moderately strong {ex, gr. 5 }i. c.) sodium chloride solution, and 
filtered. The filtrate on falling into a large excess of water is precipitated. 
In this state it is mixed with lecithin, and in order to free it from this, 

^ Compt. Bend, T. 38, p. 469 and 526. 
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it is usually treated with alcohol. This, as above stated, entirely changes 
the vitellin into a coagulated form. 

6. Olohin, 

• Globin, stated by Preyer ’ to be the proteid residue of the complex body hosmo- 
plobin (see p. 279), ought probably to be considered as an outlying member of this 
class. It is however not readily soluble either in dilute acids or sodium chloride 
solutions. It is remarkable for being absolutely free from ash. 

Class IY. Fibrin. 

Insoluble in water and dilute sodium chloride solutions; soluble with 
difficulty in dilute acids and alkalis, and more concentrated neutral saline 
solutions. 

Fibrin, as ordinarily obtained, exhibits a filamentous structure, the com- 
ponent threads possessing an elasticity much greater than that of any 
other known solid proteid. 

If allowed to form gradually in large masses, the filamentous structure is not so 
noticeable, and it resembles in this form pure indiarubber. Such lumps of fibrin are 
capable of being spht in any direction, and no definite arrangement of parallel bundles 
of fibres can be made out. 

At ordinary temperatures fibiin is insoluble in water, being dissolved 
only at very high temperatures, and then undergoing a complete change in 
its characters. In hydrochloric acid solutions of 1 — 5 p. c, fibrin swells 
up and becomes transparent, but is not dissolved®. In this condition 
the mere I’emoval of the acid by an excess of water, neutralisation, or the 
addition of some salt, causes a return to the original state. If, however, 
the acid be allowed to act for many days at ordinary temperatures or for a 
few hours at 40” — 60", solution takes place, and the resulting proteid 
is syntonin. In dilute alkalis and ammonia, fibrin is much more readily 
soluble, though in this case also the solution is greatly aided by warming ; 
the resulting fluid contains no longer fibrin, but alkali-albumin. This pro- 
perty is not distinctly characteristic of fibrin, although it dissolves perhaps 
more readily in both dilute acids and alkalis than do coagulated proteids. 
Kone of these solutions can be coagulated on heating, which is intelligible 
when it is remembered that they no longer contain fibrin, but either acid- 
or alkali-albumin. In addition to the above, fibrin is soluble, though with 
difficulty and only after a considerable time, in 10 p. c. solutions of sodium 
chloride, potassium nitrate or sodium sulphate. These solutions may be 
coagulated by a temperature of 60"; in fact, by the action of the neutral 
saline solutions the fibrin has become converted into a body exceedingly 
like myosin or globulin. 

I BlutUryitdLle (1871) p. 166. 

* Comploto solution may however take place if the fibrin oontain pepsin. See note, 
p. 221. 
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On Ignition of fibrin a residue of inorganic matter is always obtained ; 
it is, however, considered that sulphur is the only one of these elements 
which enters essentially into its composition. In other respects fibrin 
corresponds entirely in geneitd composition with other proteids. 

Suspended in water and heated to 70^, it loses its elasticity, and * 
becomes opaque; it is then indistinguishable from other coagulated 
proteids. 

A peculiar property of this body romaiuB yet to be mentioned, viz. its power of 
decomposing hydrogen dioxide. Pieces of fibrin placed in this fluid, though them- 
selves undergoing no change, soon become covered with bubbles of oxygen; and 
guaiacum is turned blue by fibrin in presence of hydrogen dioxide or ozonised tur- 
pentine. In the language of Schonbein’s theory fibrin is an ozone-bearer. 

Preparatixm, Either by washing blood-clots, or whipping blood with a 
bundle of twigs and then washing. If required quite colourless it should 
be pi*epared from jdasma free from corpuscles. 

When globulin, myosin, and fibrin are compared with each other, it will 
be seen that they foim a series in which myosin is intermediate between 
globulin and fibrin. Globulin is excessively soluble in even the most 
dilute acids and alkalis ; fibrin is almost insoluble in these ; while myosin, 
though more soluble than fibrin, is less soluble than globtdin. Globulin 
again dissolves with the greatest ease in a very dilute solution of sodium 
chloride. Myosin, on the other hand, dissolves with difficulty ; it is much 
moi-e soluble in a 10 per cent, than in a one per cent, solution of sodium 
chloride; and even in a 10 per cent, solution the myosin can*hardly be 
said to be dissolved, so viscid is the resulting fluid and with such difficulty 
does it filter. Fibrin again dissolves with great difficulty and very slowly 
in even a 10 per cent, solution of sodium chloride, and in a one per cent, 
solution it is practically insoluble. When it is remembered that fibrin 
and myosin are, both of them, the results of coagulation, their similarity is 
intelligible. Myosin is in fact a somewhat more soluble form of fibrin, 
deposited not in threads or filaments but in clumps and masses. 

Class V. Coagulated Proteids, 

These are insoluble in water, dilute acids and alkalis, and neutral saline 
solutions of all strengths. In fact they are really soluble only in strong 
acids and strong alkalis, though prolonged action of even dilute acids and 
alkalis will effect some solution, especially at high temperatures. During 
solution in strong adds and alkalis a destructive decomposition takes place, 
but some amount of add- or alkali-albumin is always produced. 

Very little is known of the chemical characteristics of this class. 
Th^ are produced by heating to 70^, solutions of egg- or serum-albumin, 
globulins suspended in water or dissolved in saline solutions, fibrin sus- 
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pended in water or dissolved in saline solutions, or precipitated acid- and 
alkali-albumin suspended in water. They are readily converted at the 
temperature of the body into peptones, by the action of gastric juice in an 
acid, or of pancreatic juice in an alkaline medium. 

Cjc^ass VI. Peptones. 

Very soluble in water, and not precipitated from their aqueous solutions 
by the addition of acids or alkalis, or by boiling. Insoluble in alcohol, they 
are precipitated with difficulty by this reagent, and are unchanged in the 
I)roce8s; they differ from all other proteids in not being coagulated by 
exposure to alcohol. They are not precipitated by cupric sulphate, ferric 
chloride, or, except in the instances to be mentioned presently, by jK)tas- 
sium ferrocyanide, and acetic acid. In these points they differ from most 
other proteids. On the other hand, precipitation is caused by chlorine, 
iodine, tannin, mercuric chloride, nitrates of mercury and silver, and 
both acetates of lead ; also by bile-acids in an acid solution. In common 
with all proteids, these bodies possess a specific Isevo-rotatory power over 
poliirised light; but they differ from all other proteids in the fact that 
boiling produces no change in the amount of rotation. 

A solution of peptones, mixed with a strong solution of caustic potash, 
gives, on the addition of a mere trace of cupric sulphate, a red colour. 
An excess of the cupric salt gives a violet colour, which deepens in 
tint on boiling. Other proteids simply give the violet colour. But the 
most characteristic feature of peptones is their extreme diffusibility, a 
property which they alone, of all the proteids, may bo said to jx^ssess, 
since all other forms of proteids pass through membranes with the greatest 
difficulty, if at all. 

Notwithstanding their probable formation in lai'go quantities in the 
stomach and intestine, to judge from the result of artificial digestion, a 
very small quantity only can be foimd in the contents of these organs, or 
in the chyle. They are probably absorbed as soon as formed. Another 
point of interest is their reconversion into other forms of proteids, since 
this must occur to a great extent in the body. We are however un- 
acquainted with any processes able to effect this reverse change. 

Production. All proteids, with the exception of lardacein, yield pep- 
tones (and other products) on treatment with acid gastric or alkaline 
pancreatic juice, most readily at the temperature of the human body. 
Peptones are likewise produced, in the absence of pepsin and trypsin, by 
the action of dilute and moderately strong acids at medium temperatures, 
also by the action of distilled water at very high temperatures and great 
pressure. For various methods of preparing peptones, see Adamkiewicz*. 

^ Die Natur u. NUhrwerth d. Peptone (1877), p. 88. 
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No exact difference in percentage composition between peptones and the 
proteids from which they are formed has, at present, been established. 

We have used the phrase * peptones * in the plural number 
because we have reason to think that more than one kind of jieptone 
exists. Meissner' described three peptones, naming them respectively 
A- B- and C-peptone. He distinguished them as follows. A-peptone is 
precipitated from its aqueous solutions by concentrated nitric acid, and 
also by potassium ferrocyanide in the presence of even weak acetic acid. 
B-peptone is not precipitated by concentrated nitiic acid, nor will j>otassium 
ferrocyanide give a precipitate unless a considerable quantity of strong 
acetic acid be added at the same time. C-peptone is precipitated neither 
by nitric acid nor by potassium ferrocyanide and acetic acid, whatever be 
the strength of the acetic acid. In place however of 8j>eaking of all these 
as peptones, it is better to consider C-peptone as the only real peptone, and 
the A- and B-poptones as not j>eptones at all. Nevertheless we have 
reason, from the reseai*ches of Kiilme, to speak of mora than one ])e])toue, 
viz. of a hemipeptonc which is cajmble under the action of trypsin of 
being converted into leucin and tyrosin, and of an antipeptone which 
resists such a decom]K)sition. The name antipepione is given to the latter 
on account of this resistance which it offers towards typsin ; the name 
hemipei»tone, given to the former, sigiiilies that this ]x?ptone is the twin or 
coiTelative half of anti})eptone. 

We have seen (p. 191) that when any proteid is digested with pepsin, 
what we may preliminarily call a bye-product makes its apj)earauce. 
This bye-product, which has many resemblances to acid-albumui or syn- 
tonin, api)earing as a neutralisation precipitate soluble in dilute acids 
and alkalis but insoluble in distilled water, is generally spoken of as 
parapeptone. According to Finkler* this neutralisation precipitate is es- 
pecially abundant if the j^epsin be previously modified by exposure to a 
temperatiu’e of 40® to 60® C. The i)e]>8in thus modified is spoken of by 
Finkler as ^ isopepsin.* Many authors regard i>arapeptoiie, syntonin, and 
acid-albumin as being tlie same thing. Meissner however gave the 
name paiu-peptone to a body, which need not and i)robably does not 
make its appearance during normal natural digi^stion or during artificial 
digestion with a thoroughly active pepsin, but which is formed when 
proteids are subjected to the action of weak hydrochloric acid, either 
alone or in company with an imperfectly-jicting 2 )epsiu, and which in 
certain characters is quite distinct from ordinary B 3 mtonin or acid-albumin. 
Its distinguishing feature is that it cannot be changed into pejitone by 
the action of even the most energetic pepsin, though it is readily so con* 

* ZeiUehr.f, Rat. Med., Bdc vn., vin,, x., xii. and xiv. 

* Pfltlger’s Arehiv, xir. (1877) p. 128. 
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verted under the influence of trypsin ; otherwise it very closely resembles 
syntonin. We have here an indication that the simple characters by 
which we have described acid-albumin may be borne by bodies having 
marked differences from each other. The researches of Kiihne, to which 
we have briefly referred in the text (p. 202), have thrown an important 
liglit on these differences. The fundamental notion of Kilhne’s view is 
that an ordinary native albumin or fibrin contains within itself two residues, 
which he calls respectively an anti-residue and a hemi-residue. The result 
of either peptic or tryptic digestion is to split up the albumin or fibrin, and 
to produce on the part of the anti-residue antipeptone, and on the part 
of the hemi-residue hemi peptone, the latter being distinguished from the 
former by its being suscei)tible of furtlier change by tryptic digestion into 
leucin, tyrosin, <kc. Anti])eptone remains as antipepione even when placed 
under the action of the most powerful trypsin, provided putrefacti\e 
changes do not intervene. 

Before tlie stage of peptone (whether anti- or hemi-) is reached, there 
is an inteiTnediate stage corres]>ondiiig to the formation of syntonin. In 
both nonnal peptic and tryptic digestion antipeptone is preceded by 
an anti-albumose, and hemij»e]>tone by a h(‘mi-albumose. Of these the 
nnti-albumose is closely related to syntonin, and has hitlierfo been 
regarded as syntonin. The hemi-albumose has not been so frequently 
obs(Tved j it was however isolated by Meissner ; it is apparently the body 
called by him A-pe})ton(s It possesses a peculiar feature in being soluble 
at about 70^0., and being re-])recii)itjited on cooling; in this respect it 
closely resembh's a proteid body observed by Bence-Jones in the urine of 
osteomalacia. It aj)proach(»s myosin in being readily soluble in a 10 per 
cent, solution of sodium chloride. 

If however albumin be digested with insufficient or with imperfectly 
acting pepsin, or simply with dilute hyilrochloric acid at 40**, anti-alburaose 
is not formed, but in its ]dace a body makes its appearance which Kiihne 
calls anti-albuinate ‘. Its characteristic property is that it cannot be con- 
certed by pejitio digestion into peptone, though it can be so changed by 
try^itic digestion. It is in fact the parajieptone of Meissner. 

It may perhaps be advisable, now that Meissner’s parapeptone is cleared 
up, to reserve the name parapejitoue for the initial products of both peptic 
and tryptic digestion, to si^eak of anti-albumose and hemi-albumose as being 
both parapei)tones. But in this sense parapejitone will be an intermediate 
and not a collateral product of digestion. 

Meissner also described a particularly insoluble form of his parapeptone 
as dyspeptone, and another intermediate pixsluct as metapeptone; but 
further investigation of both these bodies, as well as of his B-i)eptone, 

^ An albumate must not bo confounded with an albuminate. 
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is necessary. Under ihe influence of dilute hydrochloiio acid, anti- 
albiunate becomes changed into a body which Xflhne calls anti-albumid 
tind which seems identical with the very insoluble proteid described by 
Schiitzenberger as ‘ hemiprotein,* and probably with Meissner's dyspep- 
tone. The same body is produced at once in company with products 
belonging to the hemi-group by the action of 3 to 5 per cent, sulphuric acid 
on native albumin or fibrin. Tlie following table shews the relations 
and genesis of the bodies wo have just described. The several products 
(antipeptone, <fec.) are given in duplicate, on the hypothesis (which though 
not proved is probable) that the changes of digestion are essentially hydro- 
lytic changes, accompanied by a deduplication. That just as a molecule 
of starch splits up into at least two molecules of dextrose, or as a molecule 
of cane-sugar 8])lits up into a molecule of dextrose and a molecule of 
levulose, so a molecule of antialbumose, for instance, splits up into two 
molecules of antipeptone, and so on. But the whole scheme is of course 
only provisional. 


Decomposition of Proteids by Digestion. 
Albumin. 


fi 

5 ? 


ALntialbumose. 


Hemialbun tse. 
I 


Antipeptone. AntiiHjptone. Ilemipeptone. Hemipeptono. ) 

r ' -I . r . [:! 

Leucin. Tyrosin. Leucin. Tyrosm.J s 


etc. 

Decomposition by Acids. 

1 . 

By -25 p. c. HCl at 40® C. 
Albumin. 


etc. 




Antialbumatt\ 

I 

Autialbumid. 


Hemialburaose. 

. ^ 

Hemipeptoiie. Hemi|)eptono. 


By 3—5 p. c. H,804 at 100® C. 
Albumin. 


Antialbumid. 


Hemialbumose. 


Hemipeptone. Hemi{>epton6. 
Leucin. Tyrosin. etc. Leucin. Tyrosin. etc. 
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Class VII. Lmdaoein^ or the ao-caUed amyloid mbatance. ‘ 

The substance to which the above name is applied, is found as a deposit 
in the spleen and liver, also in numerous other organs, such as the blood- 
vessels, kidneys, lungs, &c. 

It is insoluble in water, dilute acids and alkalis, and neutral saline 
solutions. 

In centesimal composition it is almost identical with other proteids*, 
viz.; — 

0. and S. H. N. C. 

24*4 7-0 15*0 63-6 

The sulphur in this body exists in the oxidised state, for boiling with 
caustic jMDtash gives no sulphide of the alkali. The above results of 
analysis would lead at once to the ranking of lardacein as a proteid, and 
this is borne out by other facts. Strong hydrochloric acid converts it into 
acid-albumin, and caustic alkalis into alkali-albumin. On the other hand, 
it exhibits the following marked differences from other protoids : — It wholly 
resists the action of ordinary digestive fluids ; it is coloured red, not yellow, 
by iodine, and violet or pure blue by the joint action of iodine and sul- 
phuric acid. From these last reactions it has derived one of its names, 
‘amyloid,* though this is evidently badly chosen. Not only does it 
differ from the starch group in composition, but by no means can it be 
converted into sugar: this latter is one of the crucial tests for a true 
member of the amyloid group. According to Heschl* and Oomil® anilin- 
violet (methyl-anilin) coloui's lai'daceous tissue rosy red, but sound tissue 
blue. 

The colours mentioned above, as being produced by iodine and sulphuric acid, are 
much clearer and brighter when the reagents are applied to the purified lardacein. 
When the reagents are applied to the crude substance in its normal position in the 
tissues, the colours obtained are always dork and dirty-looking. 

Purified lardacein is readily soluble in moderately dilute ammonia, and 
can, by evaporation, be obtained from this solution in the foiin of tough, 
gelatinous flakes and lumps; in this form it gives feeble reactions only with 
iodine. If the excess of ammonia is expelled, the solution becomes neutral, 
and is precipitated by dilute acids. 

Preparation. The gland or other tissue containing this body, is cut up 
into small pieces, and as much as possible of the surroimding tissu(' 
removed. The pieces are then extracted seveiul times with water and 
dilute alcohol, and if not thus rendered colourless, are repeatedly boiled 
with alcohol containing hydrochloric acid. Tlie residue after this operation 

1 C. Schmidt, Ann. d. Chem. u. Pharm. Bd. 110, p. 250, and Friedreich and Kekule, 
Virohow’B Arehiv^ Bd. 16, p. 60. 

* Wien. med. WoCfiemchr, No. 82, p. 714. 

* Compt. Bend. May 24, 1876. 
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is digested at 40", with good artificial gastric juice in excess* Everything 
except laxdacein, and small quantities of mucin, nuclein, keratin, together 
with some portion of the elastic tissue, will thus be dissolved and removed ^ 
From the latter impurity it may be separated by decantation of the 
finely>powdered substance. 


The chief products of the decomposition of proteids are ammonia, 
carbonic acid, leucin and tyrosin. Several other bodies, for the most port, 
like leucin, amidated acids, such as asjMirtic acid, glutamic acid, &c., have 
also been obtained. But urea has never yet been derived by diiect de- 
composition from proteid material, the statements to this efiect having 
been based on errors. In spite of numerous researches, we cannot at 
present state definitely what is the real constitution of a proteid, or in what 
manner these several residues are contained in the undecomposed substance. 
It is unnecessary to give here any of the formulae, nearly all empirical, which 
have been made to represent these bodies ; they all give with equal exacti- 
tude the percentage composition, but beyond this they are untrustworthy. 
Of the various attempts which have been made to assign to proteids some 
definite molecular structure, none appear, at the present stage of mformar 
tion, sufQciently reliable for general acceptance. 

Among the most elaborate labours in this direction may be mentioned thoso of 
Illasiwetz and Habermon. In their first pnbllcatiou*, starting from the general simi- 
larity of the products of decomposition of the proteids and carbohydrates, they tried to 
establish a definite relation between the two classes of bodies. In this they were not 
huccessful, and from their second research’ they come to the conclusion that the carbo- 
hydrates take no part in the formation of the proteids. 

Other ex]>erimcnts in the same direction are due to Schiitzenberger^. He shews 
that albumin can be decomposed into carbonic anhydride and ammonia, and that the 
ratio of these two is the same as though urea had been the body on which he operated. 
From this he concludes that ** the molecule of albumin contains the grouping of urea 
and represents a complex ureide.” In his second publication he confirms his previous 
results, stating that the ammonia, carbonic anhydride and oxalic acid, produced by the 
decomposition of proteids, are so oonneoted quantitatively as to be capable of derivation 
from varying proportions of ar<*a and oxamide. He also obtained from the decomposi- 
tion of proteids a nitrogenous residue which could be formulated as giving rise to all the 
amidated acids and other bodies spoken of above. Thus according to him, albumin, 
built up as a complex ureide, decomposes into ammonia, carbonic, oxalic, and acetic 
acids, and this nitrogenous body: this last then gives rise to the other products of de- 
composition. 

It will be noticed that in the general description of the various 
proteids, distinctive reactions for each could not be given, but that vaiying 

’ Etthne, Virchow’s Arch, Bd. 83. 

’ Ann, d, Chem, u, Pharm, Bd. 189, p. 804. 

» Ibid, Bd. 169. p. 160. 

* Cojnptes liendust T. 90, p. 282. 

b Ibid, T. 81, p. 1108. 
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Bolubilities were the chief means at our disposal for distinguishing them. 
They may be arranged according to their solubilities in the following 
tabular form. 


Solvhle in diatiUed water: 

Aqueous solution not coagulated on boiling Peptones. 

Aqueous solution coagulated on boiling Albumias. 


Insolvhle in distilled water: 

Soluble in NaCl solution 1 per cent Glohulim. 

Insoluble „ „ „ 

Soluble in HCl *1 per cent, in the cold 1 Alkali 

) albumin. 

Insoluble in HCl *1 per cent, in the cold, but) 

soluble at 60® J 

Insoluble in HCl *1 per cent, at 60®; soluble in strong acids. 

Soluble in gastric juice Coagulated albumin. 

Insoluble „ „ Lardacein. 


Fibrin. 


Such a classification is however obviously a wholly artificial one, use* 
ful for temi>orary puri)Oses, but in no way illustrating the natural relations 
of the several members. ITor is a division into ‘native^ and derived* 
proteids much more satisfactory. It is true that we may thus put together 
serum- and egg-albumin, with vitellin, myosin, and fibrin, on the one hand; 
and i>eptones, coagulated proteids, and acid- with alkali-albumin, on the 
other. I3ut in what light are we to consider casein, seeing that though a 
natural product, it has so many resemblances to alkali albumin ? Moreover 
the system of classification must be useless which would place fibrinoplastic 
globulin and fibrinogen in the same class as fibrin, and yet we can hardly 
speak of either of the two former bodies as derived proteids. If the view 
bo true that when fibrin is converted into peptone the large molecule of the 
former is split \q), with assumption of water, into two smaller molecules of 
the latter, one belonging to the ‘anti’ and the other to the ‘hemi’ group, we 
might speculate on a possible classification of all proteids into hemi-proteids, 
anti-proteids and holo-proteids. Thus serum- and egg-albumin, myosin, and 
fibrin would be undoubtedly holo-proteids, peptones either anti- or hemi- 
proteids, and we should have to distinguish probably in the heterogeneous 
group of derived albumins both anti-, hemi- and holo-proteid members. It is 
possible, moreover, that fibrinoplastic and fibrinogenous globulin and casein 
may be natui*al hemi- or anti-proteids and not holo-proteids. But we 
have at present no positive knowledge on those points. 
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Nitrogenous Nok-Crystalmnb Bodies allied to Proteids* 

These resemble the proteids in many general points^ but exhibit among 
themselves much greater differences than the proteids do. As regards 
their molecular structure nothing satisfactory is known. Their percentage 
composition approaches that of the proteids, and like these they yield, under 
hydrolytic treatment, large quantities of leucin and in some cases tyrosin. 
They are all amorphous. 

Mudn, (0,35-76. H, 6*81. N, 8.50. 0,48-94)'. 

The characteristic coni})onent of mucus. Its exact composition is not 
yet known, the hgures given al) 0 ve being merely an approximation. 

As occurring in the normal condition it gives to the fluids which contain 
it the well-kno\^Ti ropy consistency, and can be precipitated from these by 
acetic acid, alcohol, alum and mineral acids; the latter, if in excess, 
redissoh e the })recipitate, but this is not the case with acetic acid. In its 
precipitated form it is insoluble in water, but swells up strongly in it, and 
this effect is increased by the presence of many alkali salts. Alkalis and 
alkaline earths dissolve it readily. Its solutions do not dialyse; they 
give the proteid reactions with Millon’s reagent and nitric acid, but none 
with sulphate of copjier, and are precipitated by ba^ c lead acetic only 
when neutral or faintly alkaline. According to Eichwald®, when heated 
with dilute mineral acids, mucin yields acid-albumin, and anotlier body 
which in many of its proj)ertie8 closely resembles a sugar; it reduces 
solutions of cupric sulphate. Prolonged boiling with sulphuric acid gives 
leucin and about 7 p. c. of tyrosin. 

Preparation, From ox-gall, by precipitation witli alcohol, redissolving 
in water and precipitating with acetic acid. It is readily obtained from 
any of its solutions, by the addition of acetic acid. 

CJwmlHn, (0, 31*04. H, 6*76. N, 13-87. C, 47*74. S, -60 p.c.)* 

This is usually regarded as forming the essential part of the matrix of 
hyaline cartilage, and is contained in the interstices of the fibres in elastic 
cartilage. A similar substance can be proi)ared from the cornea. Boiled 
with water, it dissolves slowly, forming an oi)ale8cent solution, which is 
precipitated by acetic acid, lead acetate, dilute mineral acids, alum, and 
salts of silver and copper ; an excess of the last four reagents redissolvea 
the precipitate. Solutions of this body gelatinise on standing, even if 
very dilate; the solid mass is insoluble in cold water, readily soluble in 
hot water, alkalis and ammonia. 

^ Eichwald, Am, d. Chem, u, Pharm, Bd. 184, p. 198. 

* Op. cit, 

* I. V. Mering, Beiirag zur Chemie dez KnorpeU, 1878. 
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The aqueous and alkaline solutions of chondrin possess a left-handed 
rotatory power on polarised light of — 21 3*5®; in presence of excess of 
alkali this becomes - 552*0®, both measured for yellow light. 

It seems, according to the observations of many, that chondrin can, by 
heating with hydrochloric acid, be converted into a body whose reactions 
resemble those of syntonin, and another substance, which like the similar 
product from mucin, so far resembles grape sugar that it reduces cupric 
salts in alkaline solution * ; it appears however to contain nitrogen. A 
I’ocent observer® has denied the existence of chondrin as a distinct sub- 
stance and regards it as in all cases a mere mixture of other bodies. 
He states that a substance having all the reactions of the so-called 
chondrin, may at any time be produced by a mixture of mucin, glutin and 
inoi*ganic salts. The extreme similarity in the reactions of chondrin and 
mucin point to a close relationship between the two. The whole sub- 
ject, however, requires more complete investigation. With alkalis or 
dilute sul])huric acid chondrin gives loucin, but no tyrosin or glycocoll. 
Whether chondrin exists as such in cariilage is uncertain ; it seems pro- 
bable that it does not, since its extraction from cartilage requires an 
amount of boiling with water much greater than that requisite to dissolve 
dried chondrin. 

Preparation. From cartilage by extracting with water, and precipi- 
tating with acetic acid. 

Glutin or Gelatin. (O, 23*21. II, 7*15. N, 18*32. C, 50*7G. S, 
*56 p.c.) 

This is the substance which is yielded when connective tissue fibres ai'e 
heated for several days with very dilute acetic acid, at a temperature of 
about 15® C, or when they are ti*eated with water in a digester. The 
clastic elements of connective tissure are unaffected by the above tn^atment. 

As obtained in this way glutin is when heated a thin fluid, solidi- 
fying on cooling to the well-known gelatinous fonn. When dried it is 
a colourless, tiunsparent, brittle body, swelling up in cold w*ater, but 
remaining undissolved; heating, or the addition of traces of acids or alkalis, 
readily effects its solution. When dissolved in water it possesses a lievo- 
rotatory power of — 130®, at 30® C.; the addition of strong alkali or acetic 
acid reduces this to —112® or —114®, both measured for yellow light®. 
Its solutions will not dialyse. 

Mercuric chloride and tamiic acid are the only two reagents which yield 
insoluble precipitates with this body. Its presence prevents the action of 

1 Pe Bary, Hoppe-Seyler’s Untersneh, Hft. i. p. 71. 

* Morochowetz, Verhand. Naturhist. Med. Ver. HeideJlerg. Bd. z. Hft. 6. 

> Hoppe-Seyler, Bdbk. p, 222. 

F. P. 38 
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"Trommer’s sugar test, rince it readily dissolves up the precipitated cuprous 
oxide. The proteid reactions of glutin are so feeble that they are probably 
due merely to impurities. Heated with sulphuric acid it yields ammonia, 
leucin and glycocoll, but no tyrosin. 

It appeal's improbable that glutin exists ready formed in connective < 
tissue fibres, since these do not swell up in water, and only yield glutin 
after prolonged treatment with boiling water ; to which it may be added 
that while glutin is acted upon by trypsin, the coimective tissue fibres in 
their natural condition resist its action (see p. 203). 

JSlaattm (0,20*5. H, 7*4. N, 1C*7. C, 55*5 p.c.) 

This chai*acteristic component of elastic fibres is left on the removal 
of all the glutin, mucin, <tc. from such tissues as ‘Migamentum nuchce,** 
advantage being taken of its not being altered when it is heated with water, 
even under j pressure, with strong acetic acid, or with dilute alkalis. Wlien 
moist it is yellow and elastic, but on di*ying becomes brittle. It is soluble 
in strong alkalis at boiling temperatures; concentrated sulphuric and nitric 
acids however dissolve it in the cold. It is precipitated from solutions by 
tannic acid, but not by the addition of ordinary acids. Notwithstanding 
that it closely approaches the proteids in its percentage composition, and 
gives distinct although feeble proteid reactions, any ver^ close relationship 
between the two apjiears improbable, since elastin when treated with 
sulphuric acid, yields leucin (30 — 40p.c.) only and no tyrosin. 

Hilger* has obtained a similar body from the shell membrane of snakes’ 
eggs. 

Keratin. (0,20 7—25 0. H, 6*4— 7 0. N, 16*2— 17*7. C, 50*3— 
52*5. S, •7—5*0 p.c.) 

This body, though somewhat resembling the proteids in general compo- 
sition, differs from them and also from the pi*eceding bodies so widely in 
other properties, that its description is placed here for convenience rather 
than anything else. Hair, nails, featliers, horn, and epidermic scales con- 
sist for the most part of keratin. Heated with water in a digester at 150® 
keratin is partially dissolved with evolution of sulphuretted hydrogen ; the 
solution then gives with acetic acid and ferrocyanide of j>otassiiim a precipi- 
tate soluble in excess of the acid. Prolonged boiling with alkalis and acids, 
even acetic, dissolves keratin ; the alkaline solutions evolve sulphuretted 
hydrogen on treatment with acids. The sulphur in keratin is evidently 
very loosely united to the substance, and in all its reactions there appears 
to be a want of similarity between keratin and either proteids, mucin or 
gelatin. The most common of its products of decomiKNsition are leucin 

^ Ber. d. deutich. chm. Oeiellsch. 1878, p. 166. 
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(10 p.c.), and tyrosin (3-6 p. c.), and some aspartic acid; no glycin is 
formed. What is generally known as keratin is probably a compound 
body, which has not yet been resolved into its comi>onents. 

Ewald and Kilhne‘ have described a new body to which, since it occurs as 
a constituent of nervous tissue (both of nerves and of the central nervous 
system), and is yet closely identical with ordinary homy tissue, they give the 
name of neuro-keratin. It is prepared in quantity from the brain by ex- 
tracting this tissue with alcohol and aether, and subjecting the residue to 
the action of pepsin and trypsin. The final residuum is neuro-keratin, 
and amounts to 15 — 20 p. c. of the original tissue. 

Nuclein. 0,^. 

Discovered by Mieseher* in the nuclei of pus corjmscles and in the 
yellow corpuscles of yolk of egg. Other observers have subsequently 
obtained it from yeast, from semen, from the nuclei of the red blood-cor- 
puscles of birds and ami)hibia, from hepatic cells, and it is probably j)reseut 
in all nuclei. 

When newly prepared it is a colourless amorphous body, soluble to a 
slight extent in water, readily soluble in many alkaline solutions ; but its 
solubilities alter on keeping. If added gradually in sufficient quantity to 
a solution of caustic alkali it first neutralises the solution and then nmders 
it acid. It seems to jwssess an indistinct xanthoproteic reaction, but gives 
no reaction with Millon’s fluid. It yields precipitates with several salts, 
e. g. zinc chloride, silver nitrate, and cupric sulphate. 

Preparation. This is difficult, since nuclein is easily decomposed*. The 
most remarkable feature of this body is its large percentage of phosphorus, 
9*59 per cent. This phosphorus is readily separated by boiling with strong 
hydrochloric acid or caustic alkalis ; the same occurs when solutions of 
nuclein are acidulated and allowed to stand. 

CARBOHYDRATES. 

Certain members only of this class occur in the human body ; of* 
these, the most important and wide spread is that known as grape-sugar, 
or dextrose (glucose), with which diabetic sugar seems to be identical*. 
Next to this comes milk-sugar. Inosit is another body of this class, 
although it differs in many important points from the preceding two. 

1 Verhand. NaturhUt. Med. Ver. Jleidelherff. Bd. i. Heft 6. 

* Med. Cheni. Unterauch. Hoppe-Seyler, Heft 4, 1872, pp. 441 and 602, 

• Miesoher, Op. cit. ^ . a xv • i 

^ The question, however, whether several varieties of sugar oooumng in the animal 

body have not been confounded together under the common name of dextrose or 
glucose may be considered at present an open one. 
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Glycogen belongs properly to the sub-class of carbohydrates known as 
starchea 

These bodies are often considered to be polyatomic alcohols. Seyeral of them stand 
in peculiar relation to mannit, and may be converted into that substance by the action 
of sodium amalgam^. 

1. Deosirose (Gra|^-Bugar). 0^ + 0. 

Occiirs in the contents of the alimentary canal to a variable extent 
dependent on the nature of the food taken. It is also a normal con- 
stituent of blood, chyle, and lymph. Concerning its presence in tlie liver, 
see p. 333. The amniotic fluids also contain this body. Bile in the 
n(ymial condition is free from sugar, so also is urine, though this point 
has given rise to great dispute \ The disease diabetes is chamcterised by 
an excess of dextrose in the tissues and fluids of the body (see p. 337). 

AVTien pure, dextrose is colourless and crystallises in four-sided j)risms, 
often agglomerated into warty lum|)S. The crystiils will dissolve in 
their owm weight of cold water, requiring however some time for the 
process ] they are very readily soluble in hot water. Dextrose is soluble 
in alcohol, but insoluble in sether. 

The freshly prepared cold aqueous solution of the crystals pos esses a dextro-rotatory 
power of + 1040 for yellow light. This, quickly on heating, more slowly on standing, 
falls to +56^, at which point it remains constant. 

PextroBO readily forms compounds with acids and bases; the latter are very 
unstable, decomposition rapidly ensuing on heating them. When its metallic com- 
pounds are decomposed the decomposition is in many cases accompanied by the 
precipitation of the metals, €,g, silver, gold, mercury, bismuth. Caustic alkalis readily 
decompose it, as also does ammonia. 

Dextrose is readily and completely precipitated by lead acetate and 
ammonia. 

An important property of this body is its power of undergoing fermen- 
tations. Of these the two princii>al are : (1) AlcoMlc, This is j)roduced 
in aqueous solutions of dextrose, under the influence of y(«ist. The d(*coin- 
])Osition is the following: C, - 2 C, O + 2 CO^, yielding (ethyl) 

alcohol and carbonic anhydride. Other alcohols of the acetic series are 
found in traces, as also are glycerine, succinic acid and probably many other 
bodies. The feimentation is most active at about 25® C, Below 5® or above 
45® it almost entirely ceases. If the saccharine solution contains more than 
15 per cent, of sugar it will not all be decomposed, as excess of alcohol stops 
the reaction. (2) Lcbctic. This occurs in the presence of decomposing nitro- 
genous matter, especially of casein, and is probably the result of the action 
of a specific ferment. The first stage is the production of lactic acid, 

1 Liimemann, Ann, d, Chem, u, Pharm, Bd. 128, p. 186. 

* Bee Seegen, Der ViabeUs Mellitus, 2 £d. p. 196. 
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Hjj 0^<*2 Cg O3. In tlie second butyric acid is formed "with evolution 
of hydrogen and carbonic anhydride: 203X1^03 = C4HgOj^ + 2 CO,+ 2 Hj. 
The above changes, the first of which is probably undergone by sugar to a 
considerable extent in the intestine, are most active at 35 ®; the presence of 
alkaline carbonates is also favourable. It is moreover essential that the 
lactic acid should be neutralised as fast as it is formed, otherwise the pre- 
sence of the free acid stops the process. 

Tlie detection and estimation of dextrose are so fully given in various 
books that they need not be detailed here. 

2 . Milhmgar. 0 ^^ 4* H, O. 

Also known as lactose. It is found in milk, and is the only sugar which 
enters into the com])osition of this secretion. 

It yields, when pure, hard colourless crystals, belonging to the rhombic 
system (four or eight-sided prisms). It is less soluble in water than 
dextrose, requiiing for solution six times its weight of cold, but only two 
parts of boiling, water; it is entirely insoluble in alcohol and eether. It is 
fully precipitated from its solutions by the addition of lead acetate and 
ammonia. 

When freshly dissolved, its aqueous solution possesses a specific dextro-rotatory 
power of +03*1® for yellow light : this diminishes, slowly on standing, rapidly on boil- 
ing, until it finally remains constant at + 59*3®. The amount of rotation is inde- 
pendent of the concentration of the solution. 

Lactoso unites readily with bases, forming unstable compounds; from its metallic 
compounds the metal is precipitated in the reduced state on boiling ; it reduces copper 
salts as readily as dextrose. 

Lactose is generally stated to admit of no direct alcoholic fermentation; 
this may however sometimes be induced by a lengthy action of yeast. By 
boiling with dilute minei*al acids lactose is converted into galactose, which 
readily undergoes alcoholic fermentation. 

Galactose is very readily soluble in water, though insoluble in alcohol. It 
possesses a higher rotatory power than lactose, viz. -i-83’2®; in a freshly prepared 
solution the rotation is + 139*6®. It may be remarked here that though isolated lactose 
is incapable of direct alcoholic fermentation, milk itself may be fermented ; Berthelot 
was unable in this direct alcoholic fermentation to detect any intermediate change of 
the lactose into another fermentable sugar. 

Lactose is however directly capable of undergoing the lactic fermenta- 
tion; the circumstances and products are the same aa in the case of dex- 
trose (see above). The action is generally productive of a collateral small 
quantity of alcohol. 

The tests for the presence of this body are the same as for dextrose, with 
the exception of the alcoholic fermentation. 
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Preparaii<m—A!R^v the removal of the casein and other proteids of the 
milk, the mother liquor is evaporated to the crystallising point; the crystals 
are purified by repeated crystallisation from warm water. 

3. Inodt. Cj Oe + 2 H 2 O. 

This substance occurs but sjiaringly in the human body; it was found 
originally by Scherer* in the muscles of the heart. Cloetta shewed its 
pi*esence in the lungs, kidneys, spleen and liver*, and Mttller in the brain*. 
It occurs also in diabetic urine, and in that of ‘BrighVs disease,’ and 
is found in abundivnc(‘ in the vegetable kingdom. 

Pure inosit foiins large efflorescent crystals (rhombic tables) ; in micro- 
scopic pre|)ai*ations it is usually obtained in tufted lumps of fine ciystiils. 
Easily soluble in water, it is insoluble in alcohol and a*ther. It 2)0S8eases 
no action on jwIarisiHl light, and does not reduce solutions of metallic salts. 

It admits of no du-ect alcoholic, hut is capable of undergoing tbo 
lactic fermentation; according to Hilger* the acid formed is sarcolactic. 
It is unaltered by heating with dilute mineral acids. 

Preparation. It may be precipitated from its solutions by the action 
of basic leail acetate and ammonia. 

As a sjiecial test may be mentioned tlio production of a bright violet 
colour by cai-eful evaporation to dryness on platinum foil, with a little 
ammonia and calcium chloride. 

4. Glycogen. 

Belongs to the starch division of carbohy<lratcB. Discovered by Bernard 
in the liver and other organs (see p. 330). 

Glycogen is, 'when ])un», an amorphous powder, colourless and tasteless, 
readily soluble in water, insoluble in alcohol and asther. Its a(|ueou8 solu- 
tion is generally though not always strongly opalescent, but contains no 
jmrticles v isible microscopically ; the ojmlescence is much reduced by the 
pn^nce of free alkalis. The same solution possesses, according to Hoppe- 
Seyler, a very strong dextro-rotatory power ; it dissolves hydrated cupric 
oxide ; but this is not reduced on boiling. * 

By the action of dilute mineral acids (except nitric) it is converted 
into dextrose, and the same conversion is also readily efiected by the 
action of amylolytic ferments. It is not afiected by boiling with moder- 
ately strong caustic alkalis, but is however decomposed by nitric acid, 
formal lead acetate gives a cloudiness, the basic salt a precipitate, in its 
solutiona 

1 Ann. d. Chem. u. Pharm, Bd. 78, p. 822. 

* Ibid. Bd. 99, p. 289. 
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As tests for this body may be used the formation of a port-wine colour 
with iodine; this disappears on warming and returns on cooling. (The 
same colour is produced by dextrin, but this does not reappear on cooling 
after its disappearance on warming.) The above readily distinguishes it 
from starch. » 

Preparation of Glycogen, The following is Briicke’s^ method. The 
filtcrod or simply strained decoction of liver or other glycogenic tissue is, 
when cold, treated alteniat(*ly with dilute hydrochloric acid, and a solution 
of the double iodide of potassium and mercury®, as long as any precipitate 
occurs. In the presence of free hydrochloric acid, the double iodide preci- 
pitates proteid matters so completely as to render their separation by 
filtration easy. The prottdds being thus got rid of, the glycogen is precipi- 
ttited from the filtrat(i by adding alcohol to the extent of between 60 and 
70 p. c. Too much alcohol is to be avoided, since other substances as well 
are tliereby precipitat<;d. The glycogen is now washed with alcohol first of 
GO and then of 95 per cent., aftci-wards with aether, and finally with 
absolute alcohol. It is then dried over sulphuric acid. 

Dextrin, Cg Og. 

By boiling starch-paste with dilute acids, or by the action of ferments, 
the starch is converted into an isonn^ric body, to which, from its action on 
polarised light, the name dextrin lias been given. It is soluble in water, 
but is precipitated by alcohol. It does not undergo alcoholic fermentation 
until after it has been changed into dextrose, nor can it reduce metallic 
salts. It yields a reddish colom* with iodine, closely resembling that 
produced by glycogen, but unlike this, the colour formed when dextrin 
is present does not return on cooling after its disappearance on warming. 
Further action of acids or of ferments converts dextrin into dextrose. 
Dextrin is present in the contents of the alimentary canal after a meal 
containing starch, and has also been found in the blooil. Concerning 
achroodextrin and the other varieties of dextrin see p. 185. 


FATS, THEIR DERIVATIVES AND ALLIES. 

The Acetic Acid Series. 

General formula O, (monobasic). 

This, which is one of the most complete homologous series of organic 
chemistry, runs parallel to the series of monatomic alcohols. Thus formic 

1 Sitzungsher, d, Wiener Akad, Bd. 68. (1871) ii. ^ . 

• Tliifl may ho prepared by precipitating potassinm iodide with mercuric cnlonde, 
and dissolving the washed precipitate in a hot solution of potassium iodide as long 
as it continues to be taken up. On cooling, some amount of precipitate occurs, which 
must be filtered off ; the filtrate is then ready for use. 
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acid eoiresponds to methyl alcohol, acetic acid to ethyl (oxdinary) alcohol, 
and so on. The several acids may be regarded as being derived from their 
resi>ective alcohols by simple oxidation: thus ethyl alcohol yields by oxida- 
tion acetic acid : — C, O + O, = C, H 4 Oj + Hj O. The various members 
differ in composition by CHj, and the boiling points rise successively by 
about 19®C. Similar relations hold good with regard to their melting 
points and specific gravities. The acid properties are strongest in those 
where n has the least value. The lowest members of the series are volatile 
liquids, acting as powerful acids; these successively become less and less 
fiuid, and the highest members are colourless solids, closely resembling the 
neutral fats in outward aj)j>earance. Consecutive acids of the series 2 )resent 
but very small differences of chemical and physical properties, hence the 
difficulty of separating them : this is further increased in the animal body 
by the fact that exactly those acids which present the greatest similarities 
usually occur together. 

The free acids are found only in small and very variable quantities 
in various parts of the body; their derivatives on the other hand form 
most important constituents of the human frame, and will be considered 
further on. 


Formic acid. CHO , OH. 

When pure is a strongly corrosive, fuming fluid, with powerful irri- 
tating odour, solidifying at 0"C, boiling at 100" C, and capable of l>eing 
mixed in all proiK>rtions with water and alcohol. It has boon found 
in various parts of the body, such as the spleen, thymus, pancreas, muscles, 
brain, and blood; from the latter it may l>e obtained by the action of acids 
on the haemoglobin. According to some authore * it occurs also in urine. 

Heated with sulphuric acid it yields carbonic oxide and watc^r; with 
caustic potash it gives hydrogen and oxiilic acid. 

Acetic acid. Cj H, O . OH. 

Is distinguished by its characteristic odour; its boiling point is 
117®C.; it solidifies at 5® and is fluid at all temjmratures above ir)"(y. 
It is soluble in all proportions in alcohol and water. 

It occm*s in the stomach as the result of fermentative changes in the 
food, and is frequently present in diabetic urine. In other organs and 
fluids it exists only in minute traces. 

With ferric chloride it yields a blood-red solution, decolorised by hydrochloric acid. 
(It diflers in this last reaction from sulphooyanide of iron.) Heated with alcohol and 
sulphuric acid, the oharacteristio odour of acetic lether is obtained. It does not 
reduce silver nitrate. 

1 BuUginsky, Hoppe-Seyleris 3fed. Chem, 3Iittheilung. Heft 2, p. 240. Thndichnm, 
Joum. of the Chem. Soe, VoL 8, p. 400. 
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Propionic acid. C, O . OH. 

This acid closely resembles the preceding one. It possesses a very sour 
taste and pungent odour ; is soluble in water, boils at 141® C, and may be 
separated from its aqueous solution by excess of calcium chloride. 

It occurs in small quantities in sweat, in the contents of the stomach, 
and in diabetic urine when undergoing fermentation. It is similarly pro- 
duced, mixed however with other products, during alcoholic fermentation, 
or by the decomposition of glycerine. It partially reduces silver nitrate 
solutions on boiling. 

Butyric acid. C4 O . OH. 

An oily colourless liquid, with an odour of rancid butter, soluble in 
water, alcohol, and aether, boiling at 1G2® C. Calcium chloride separates 
it from its aqueous solution. 

Found in sweat, the contents of the large intestine, fteces, and in urine. 
It occui’S in ti*aces in many othc'r fluids, and is plentifully obtained when 
diabetic urine is mixed with powdered chalk and kept at a temperature 
of 35® C. It (‘xists, as a neutral fat, in small quantities in milk. 

This is the principal product of the second stage of lactic fermentation. 
(See dextrose.) 

Valerianic add. Cg II9 O . OH. 

An oily liquid, of penetrating odour and burning taste; soluble in 
30 pai-ts of water at 12" C, readily soluble in alcohol and aether. Boils 
at 175" C. Possesses, in the free and combined form, a feeble right-handed 
rotation of the plane of polarisation. 

It is found in the solid excrements, and is formed readily by the de- 
composition, through putrefaction, of impure leucin, ammonia being at the 
same time evohed; hen<*e its occurrence in urine when that fluid contains 
leucin, as in cases of acute atrophy of the liver, 

Caproic acid. Cy H^ 0 . OH. 

Caprylio „ Cg Hjj O . OH. 

Capric C^o H^g O . OH. 

These three occur together (as fats) in butter, and are contained in 
vaiying pro])oi*tious in the faeces from a meat diet. The firet is an oily fluid, 
slightly soluble in water, the others are solids and scarcely soluble in 
water; they are soluble in all proportions in alcohol and aether. They 
may be prepai’ed from butter, and separated by the varying solubilities of 
then* baiium salts. 

Lauroatearic add. O . OH. 

Myriatic „ C14 Hay 0 . OH. 
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These occur as neutral fats in spermaceti, in butter and other fats. 
They present no points of interest. 

FoJ/ithttfXC ^ 

Stearic „ Hjj 0 . OH. 

These are solid, colourless when pure, tasteless, odourless, crystalline 
bodies, the former melting at 62" C., the latter at 69*2” C. In water they 
are quite insoluble; palmitic acid is more readily soluble in cold alcohol 
than stearic; both are readily dissolved by hot alcohol, sether, or chloro- 
form. Glacial acetic acid dissolves them in largo quantity, the solution 
being assisted by warming. They readily form soa))8 with the alkalis, 
also with many other metals. The varying solubilities of tlieir barium 
salts afford the means of separating them when mixed ' : this may also 
be applied to many others of the higher members of this seritjs. 

These acids in combination with glycerine (see below) together with 
the analogous compoimd of oleic acid, form the })rincipal constituents of 
liuman fat. As salts of cjilcium they occur in the fmcea and in ‘ adipocere,' 
and probably in chyhi, blood and serous fluids, as salts of sodium. They 
are foimd in the free state in decomposing pus, and in the caseous deposits 
of tuberculosia 

The existence of margario acid, intermediate to the above two, i. not now admitted, 
since Hointz^ has shewn that it is really a mixture of palmitic and stearic acid. 
Margaric acid possesses the anomalous melting point of 59*0® C. A mixture of 60 parts 
stearic and 40 of palmitic acids, melts at C0*3*^ 

Acids of the Oleic (Acrylic) Series. H (C,^ H 2 ,j_ 3 ) (monobasic). 

Many acids of this series occur as glycerine compounds in various fixed 
fats. They are very unstable, and reiulily absorb oxygen when exposed to 
the air. The higher members are decomposed on attempting to distil them. 
Their most peculiar property is that of being converted by traces of NOg 
into solid, stable metamcric acids, capable of being distilled. They bear an 
interesting relation to the acids of the acetic series, breaking up when 
heated with caustic 2 X)tash into acetic acid and some other member of the 
same series: — thus, 

Oleic acid. Potassium acetate. PotasBium palmitate. 

HC„H 3,03 + 2KH0 = KC3H3 0, + KCieHaiOa + H^. 

Oleic acid. Cjg Hj, 0 . OH. 

This is the only acid of the series wliich is physiologically important. 
It is found united with glycerine in all the fats of the human body. In 

^ Heintz, Annal. d, Phys, u. Chem, Bd. 92, p. 588. 

• Op. cit. 
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the small intestine and chyle it exists also either as a salt of potassium, or 
sodium, or, it may be, in the free state. 

When pure it is, at ordinary temperatures, a colourless, odourless, taste- 
less, oily liquid, solidifying at 4®Q. to a crystalline mass. Insoluble in 
water, it is soluble in alcohol and cether. It cannot be distilled without 
decomposition. It readily forms with potassium and sodium Boa]:>s, which are 
soluble in water : its compounds with most other bases are insoluble. It 
may be distinguislied from tlie acids of the acetic series by its reaction 
with NOg and by the changes it undergoes when exposed to the air. 


The Neutral Fats. 

These may be considered as jethers formed by replacing the exchangeable 
atoms of hydrogen in tluj triatomic alcohol glycemio (see below), by the acid 
radicals of the ac<itic and oleic series. Since there are three sucli exchange- 
able atoms of hydrogen in glycerine, it is possible to form three classes of 
these PBthei's; only those, however, which belong to the third class occur as 
natural constituents of th(i human body: those of the first and second aro 
only of theoretical importance. 

They possess certain general characteristics. Tnsohiblo in water and 
cold alcohol, they aro readily soluble in hot alcohol, a?ther, chloroform, &c. ; 
they also dissolve one anothei*. They are neutral bodies, colourless and 
tast(iless when pure; are not capable of being distilled without undergoing 
decomposition, and as a result of this decomposition, yield solid and liquid 
hydrocarbons, water, fatty acids, and a peculiar body, acrolein. (Glycerine 
contains the elements of one molecule of acrolein, and two molecules of 
water.) 

They possess no action on polarised light. 

They may readily be discomposed into glycerine and their respective 
fatty acids by the action of caustic alkalis, or of superheated steam. 

Palmitin (Tri-palmitm). I 


The following reaction for the formation of this fat is typical for all the 
others : 


Glycerine. Palmitic acid. Palmitin. 


O3H4 
H3 ) 


03+3 


H /^^■(C,3H3,0)3| 


03+3 


H/ 


0 . 


Palmitin is slightly soluble in cold alcohol, readily so in hot alcohol, or 
in cether; when pure it crystallises in fine needles; if mixed with stearin, it 
generally forms shapeless lumps, which when occurring crystallised were 
formerly regarded as a distinct body, namely margarln. It possesses three 
different melting points, according to the previous temperatures to which it 
has been subjected. It solidifies in all cases at 45*’ C. 
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Preparation. From palm oil, by removing the free palmitic acid with 
alcohol, and crystallising repeatedly from »ther. 

(Tri-stearin). (cXo)} 

This is the hardest and least fusible of the ordinary fats of the body; 
is also the least soluble, and hence is the first to crystallise out from 
solutions of the mixed fats. It crystallises usually in square tables. It 
presents peculiarities in its fusing points similar to those of palmitin. 

Preparation. From mutton suet, its separation from palmitin and olein 
being effected by repeated crystallisation from lether, stearin being the least 
soluble. 

Ohin (Tri-olein). O 3 . 

Is obtained with difl&culty in the pure state, and is then fluid at ordinary 
temperatures. It is more soluble than the two preceding ones. It readily 
undergoes oxidation when exposed to the air, and is convei’ted by mere 
traces of NOj into a solid isomeric fat Olein yields, on dry distillation, a 
characteristic acid, the sebacic, and is saponified with much gi’eater diffi- 
culty than are palmitin and stearin. \ 

Preparation. From olive oil, either by cooling to 0® and pressing out 
the olein that remains fluid ; or by dissolving in alcohol and cooling, when 
the olein remains in solution while the other fats crystallize out. 

Glycerine. 

This principal constituent of the neutral fats may, as above stated, be 
looked upon as a triatomic alcohol. 

When pure, glycerine is a viscid, colourless liquid, of a well-known 
sweet taste. It is soluble in water and alcohol in all proportions, insoluble 
in aether. Exposed to very low temperatures it becomes almost solid; 
it may be distilled in closed vessels without decomposition, between 
5275®— 280® C. 

It dissolves the alkalis and alkaline earths, also many oxides, such 
as those of lead and copper; many of the fatty acids are also soluble in 
glycerine. 

It possesses no rotatory power on polarized light. 

It is easily recognised by its ready solubility in water and alcohol, 
its insolubility in »ther, its sweet taste, and its reaction with bases. The 
production of acrolein is also characteristic of glycerine. 

- 2HjO = C,H 40 (Acrolein). 
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Prepa/ration. By saponification of the various oils and fats. It is also 
formed in small quantities during the alcoholic fermentation of sugar ^ 

Acids op the Glycolic Series. 

Running parallel to the monatomic alcohols (C^Hg^oO) is the series 
of diatomic alcohols or glycols (C^Hg^gOg). Thus corresponding to ethyl 
alcohol is the diatomic alcohol, ethyl-glycol. As from the monatomic alco- 
hols, so from the glycols, acids may be derived by oxidation; from the latter 
(glycols) however two scries of acids can be obtained, known respectively 
as the glycolic and the oxalic series. The first stage of oxidation of the 
glycol gives a member of the glycolic series, thus ; 

Ethyl-glycol. Glycolic acid. 

Cg Ilg 02 + 02 = C/g H4 O3 + Hg 0, or more generally 

H 2»+2 ^2 ^2 ^ 2 n ^8 ^2 

By further oxidation a member of the glycolic series can be converted 
into a member of the oxalic series, thus : 

Glycolic acid. Oxalic acid. 

Cg H4 03 + 02 = Cj ITg O4 + Hg O, or more generally 
C„ 0 , i o; = C, O, + H, O. 

The acids of the glycolic series are diatomic but monobasic; those of the 
oxalic series are diatomic and dibasic. 

The following table may bo given to shew the general relationsliips of 
alcohols and acids : 


liadical. 

Alcohol, 

Acid. 

Glycols. 

Acid I. 

Acid IT. 

Methyl (CHg) 

CH,( 0 H) 

Formic. 

HCIlOg 

»» 

Carbonic. 

H^CO, 

Glycolic. 

HC 5 H ,03 

Oxalic. 

H„CgO^ 

Malomc. 

H2C3Hg04 

Ethyl (C,H,) 

C^HjCOH) 

Acetic. 

Ethyl-glycol 

ca(oh). 

Propyl (C3H,) 

C3H,(0II) 

Piopiomc. 

HCgH^Og 

Propyl.glycol 

ca(oh), 

Lactic. 

HC 3 H 3 O, 

Oxybutyno. 

Batyl (O.H.) 

C.H,(OH) 

Butyric. 

HC 4 H 70 g 

Butyl-Blyool 

C.HslOH), 

Succinic, 

H30.HA 


Glycolic Acid Series. 

Lactic acid. Cg Hg O3. 

Next to carbonic acid, the most important member of this series, as far 
as physiology is concerned, is lactic acid. 

Lactic acid exists in four isomeric modifications, but of these only three 
have been found in the human body. These three all form sirupy, colour- 

^ Pasteur, Ann. d Chem, u. Pham. Bd. 106, p. 338. 
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less fluids, soluble in all proportions in water, alcohol and «ther. They 
possess an intensely sour taste, and a sti*ong acid reaction. When heated 
in solution they are partially distilled over in the escaping vapour. Th^y 
form salts with metals, of which those with the alkalis are very soluble and 
crystallise with difficulty. The calcium and zinc salts are of the gi*eatest 
importance, as will be seen later on, 

1. Ethylidene-laciic acid. This is the ordinaiy form of the acid, ob- 
tained as the characteristic product of the well-known Mactic fermenta- 
tion’. It occurs in the contents of the stomach and intestines. According 
to Heintz' it is found also in muscles, and according to Gscheidlen* in 
the ganglionic cells of the grey substance of the brain. In many diseases 
it is found in urine, and exists to a large amount in this excretion after 
poisoning by 2 )hosphoix)us®. 

It may bo prepared by the general methods of slowly oxidising the corresponding 
glycol or by acting on the mouochloriuatod propionic acid with moist silver oxide. 
In obtaining it from the products of lactic fermentation, the crusts of zinc lactate 
are purified by several crystallisations, and the acid liberated from the compound by 
the action of snlphuretted hydrogen. 

2. Ethyhnedactic acid. This acid is found accompanying the one next 
to be described, in the watery extract of muscles. From th; t it is sojiarated 
by taking advantage of the difierent solubilities of the zinc salts of the 
two acids in alcohol. It seems probable, however, that it has not yet 
been prepared in the pure state by this method. 

Wislicenus first obtained this acid by heating liydroxycyanide of ethylene with 
aqueous solutions of the alkalis ^ 

The same observer found it also in many pathological fluids. 

3. Sarcolactic acid. This acid has not yet been procured synthetically. 
As its name implies, it is that form of the acid which occurs in muscles, 
and hence exists in large quantities in Liebig’s ‘extract of meat’. It is 
often found also in pathological fluids. This is the only acid of this seiies 
which possesses any jx)wer of rotating the plane of polarised light; it is 
otherwise indistinguishable frc«n the preceding ethylidene- lactic acid, and is 
generally represented by the same formula. The free acid has dextro-, the 
anhydride Imvo-rotatory action. The specific rotation for the zinc salt in 
solution is - 7*65® for yellow light. 

The zinc and calcium salts of sarcolactic acid are more soluble both in 
water and alcohol, than those of ethylidene-lactic acid, but less so than 

^ Ann. d. Chem. u. Pharm. Bd. 157, p. 820, 

> Pflilger*8 ArchiVy vin. 171. 

8 Schidtzeii and Biess, Veher acute Phoephorverpiftung. 

* Ann. di Chem, u, Pham. Bd. 128, p, 8. 
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those of ethylene-lactio acid; and the same salts of ethylene-lactic acid 
contain more water of crystallisation than those of the other two. 

Heintz^ has compared the above acids to the modifications capable of existing in 
tartaric acid®. 

Hydraorylio acid, the fourth in this series of lactic acids, is distinguished by the 
nature of its decomposition on heating. It is never found as a constituent of animal 
bodies. 


Oxalic Acid Series. 

Oxalic acid, 0^, O 4 . 

In the free state this acid does not occur in the human body. Calcium 
oxalate, however, is a not unfrequent constituent of urine, and enters into 
the composition of many urinary calculi, the so-called mulberry calculus 
consisting almost entirely of it. It may also occur in faeces, and in the 
gall bladder, though this is rarely observed. 

As ordinarily precipitated from solutions of calcium salts by ammonium 
oxalate, calcium oxalate is quite amorphous, but in urinary deposits it 
assumes a strongly characteristic crystalline form, viz, that of rectangular 
octohedra. In some cases it presents the anomalous forms of rounded 
lumps, dumb-bells, or square columns with pyramidal ends. It is insoluble in 
water, alcohol and aether, also in ammonia and acetic acid. Mineral acids 
dissolve this salt readily, as also to a smaller extent do solutions of 
sodium phosphate or urate. All the above characteristics serve to detect 
this salt; its microscopical appeai'ance, however, is generally of most use 
for this purpose. 

The pure acid is prepared either by oxidising sugar with nitrio acid, 
or decomposing ligneous tissue with caustic alkalis. 

Succinic acid. Hj C 4 H 4 O 4 . 

This is the third acid of the oxalic series, being separated from oxalic 
acid by the intermedhite malonic acid, C, H, O4, It occurs in the 
spleen, the thymus, and thyroid bodies, hydrocephalic and hydrocele fluids. 

According to Meissner and Shepard®, it is found as a normal constituent of urine. 
This is contested by Balkowski^, and also by von Speyer. It seems probable how- 
ever, that since wines and fermented liquors contain sucoinio acid, and this latter 
passes unchanged into the urine, that it may thus be occasionally present in this 
excretion. 

Succinic acid crystallises in large rhombic tables, also at times in the 
form of large prisms; they are soluble in 5 parts of cold water, and 2*2 

1 Op. cit. 

> See further, Wislioenus, Op. cit. Also Ann. d. Chem. u, Pharm. Bd. 166, p. 8. Bd. 
107, p. 302, and ZeiUchr, /. Chem. xiii. S. 169. 

5* IJntermch. ilher d, Entsteh. d, Hippursdure. Hannover, 1866. 

^ Archiv d, Phys, Bd, 2, p. 367, and Bd. 4, p. 96. 
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of boiling, slightly soluble in alcohol, and almost insoluble in aether, Tbe 
crystals melt at 180® C, and boil at 235® C, being at the same time decom- 
posed into the anhydride and water. The alkali salts of this acid are 
soluble in water, insoluble in alcohol and aether. 

Preparatum. Apart from the synthetic methods, it may readily be 
obtained by the fermentation of calcium malate, acetic acid being produced 
simultaneously. 

Its presence is recognised by the microscopic examination of its crystals, 
and its characteristic reaction with normal lead acetate. With this it 
gives a precipitate, easily soluble in excess of the precipitant, but coming 
down again on warming and shaking*. 

Cholesterin. (Coo ^^44 0.) 

This is the only alcohol which occurs in the human body in the 
free state. (The triatomic alcohol glycerine is almost always found com- 
bined as in the fats; and cetyl-alcohol, or sethal, is obtained only from 
spermaceti.) It is a white crystalline body, crystallising in fine needles 
from its solution in aether, chloroform or benzol; from its hot alcoholic 
solutions it is detx)sited on cooling in rhombic tables. When dried it 
melts at 145®, and distils in closed vessels at 3G0®. It is fiiito insoluble 
in water and cold alcohol; soluble in solutions of bile salts. 

Solutions of cholesterin possess a left-handed rotatory action on polarised 
light, of — 32® for yellow light, this being independent of concentration and 
of the nature of the solvent. 

Heated with strong sulphuric acid it yields a hydrocarbon ; with con- 
centrated nitric it gives cholesteric acid and other products. It is capable 
of uniting with acids and forming compound cethcrs. 

Cholesterin occurs in small quantities in the blood and many tissues, 
and is present in abundance in the white matter of the cerebro-spinal axis 
and in nerves. It is a constant constituent of bile, forming frequently 
nearly the whole mass of gall stones. It is found in many 2>athological 
fluids, hydrocele, the fluid of ovarial cysts, <fec. 

PrepoAration, From gall-stones by simple extraction with boiling alcohol, 
and treatment with alcoholic jiotash to free from extraneous matter. 

As tests for this substance may be given; — With concentrated sulphuric 
acid and a little iodine a violet colour is obtained, changing through green 
to red. This is applicable to the microscopic crystals. After dissolving 
in sulphuric acid a blood red solution is formed on the addition of chloro- 
form, changing to purple and finally becoming colourless; the suljihuric acid 

1 For farther particulars see Meissner, Op* eiU and Meissner and Solly, ZeiUchr, /. 
rat. Ued. (3) Bd. 24, p. 97* 
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under the chloroform has a green fluorescence. After evaporation to dry- 
ness with nitric acid, the residue turns red on treating with ammonia. 

This body is described here rather for the sake of conTeuience than from its 
possessing any close relationship to the substances immediately preceding. 

Complex Nitrogenous Fats. 

L&ilth%7l, C 44 ffgo NPO,. 

Occurs widely spread throughout the body. Blood, bile, and sei’ous 
fluids contain it in small quantities, while it is a conspicuous component of 
the brain, nerves, yolk of egg, semen, pus, white blood corpuscles, and the 
electrical organs of the ray. 

When pure, it is a colourless, slightly crystalline substance, which can be 
kneaded, but often crumbles during the process. It is readily soluble in 
cold, exceedingly so in hot alcohol; aether dissolves it freely though in less 
quantities, as also do chloroform, fats, benzol, carbon disulphide (fee. It is 
often obtained from its alcoholic solution, by evaporation, in the form of 
oily drops. It swells up in water and in this state yields a flocculent 
precipitate with sodium chloride. 

Lecithin is easily decomposed; not only does this decomi)osition set in 
at 70° 0 , but the solutions, if merely allowed to stand at the ordinary 
temperature, acquire an acid reaction, and the substance is decomposed. 
Acids and alkalis, of course, eflect this much more rapidly. If heated 
with baiyta water it is completely decomj)osed, the products being, neurin, 
glycerinphosphoric acid, and barium stearate. This may be thus repre- 
sented: — 

Lecithin. Stearic acid. Glyceri^bosphoric 

C^H^NPO, + 3H.0 = 2C„H»0, + C,H.p 6 , + C.H„NO^ 

When treated in an jethereal solution with dilute sulphuric acid, it is 
merely split up into neurin and distearyl-glycerinphosphoric acid. Hence 
Diakonow* regards lecithin the distearyl-glycerinphosphate of neurin, 
two atoms of hydrogen in the glycerinphosphoric acid being replaced by the 
radical of stearic acid. It appears also that there probably exist other 
analogous compounds in which the radicals of oleic and palmitic acids 
take jmrt. 

Preparation, Usually from the yolk of egg, where it occurs in union 
with vitellin. Its isolation is complicated, and the reader is referred to 
Hoppe-Seyler*. 

1 Hoppe-Seyler, Med, chem, Untersuch, Heft 2, 1867, Heft 8, 1868. Centralb, f, d, 
Med. Wise. Nr.- 1. 7 u. 28. 

* Med. chem. Untersuch. Tilbingen, Heft 2, 1867. 
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Glycerinplhosplwric acid. C, PO^. 

Occurs as a product of the decomposition of lecithin, and hence is found 
in those tissues and fluids in which this latter is present: in leuchsemia the 
mine is said to contain this substance. It has not been obtained in the 
solid form. It has been produced synthetically by heating glycerine and 
glacial phosphoric acid ; it may be regarded as formed by the union of one 
molecule of glycerine with one of phosphoric acid, with elimination of one 
molecule of water. It is a dibasic acid; its salts with baryta and calcium 
are insoluble in alcohol, soluble in cold water. Solutions of its salts are 
precipitated by lead acetate. 

Nmrin. (Cholin) CbHibNOj. 

Discovered by Strecker* in pig’s-gall, then in ox-gall. It does not 
occur either in the free state or apart from lecithin. It is a colourless 
fluid, of oily consistence, possesses a strong alkaline reaction, and forms 
with acids very deliquescent salts. The salts with hydrochloric acid and 
the chlorides of platinum and gold are the most important. 

Neurin is a most unstable body, mere heating of its aqueous solution 
sufficing to split it up into glycol, trimethylamin and ethylene oxide. 

Preparation, From yolk of egg. For this see Diakonow®. 

Wurtz* has obtained it synthetically, first by the action of glycol hydrochloride on 
trimethylamin, and then by that of ethylene oxide and water on the same substance. 
The above, together with the mode of its decomposition, point to the idea that neurin 
may be regarded as trimethyl-oxyethyl-ammonium hydrate, N(CHg )3 (C 2 H 50 ) 0 H. 

Cerebrin. N O 3 (?). ^ 

Is found in the axis cylinder of nerves, in pus corpuscles, and lai’gely 
in the brain. In former times many names were given to the substance 
when in an impure state, e.y, cerebric acid, cerebrote &c. W, Muller* first 
prepared it in the pure form, and constructed the above formula from his 
analysis; the mean of these is O, 15’85. H, 11*2. N, 4*5. C, 68*45. 
Great doubts are however thrown upon its piirity, by the researches of 
later observers. According to Liebreich® and Diakonow®, it is a glucoside. 

Cerebrin is a light, colourless, exceedingly hygroscopic powder, which 
swells up strongly in water, slowly in the cold, rapidly on heating. When 
heated to 80® it turns brown, and at a somewhat higher temperature melts, 
bubbles up and finally burns away. It is insoluble in cold alcohol, or aether ; 
warm alcohol dissolves it easily. Heated with dilute mineral acids, cerebrin 

^ Jnn, d. Chem, u. Pharm. Bd. 123, S. 853. Bd. 148, S. 7C, 

* Op. eft. 

® Ann. d. Chem. u. Pharm. Sup. Bd. 6, S. 116 u. 197. 

^ Ann. d. Chem. v.. Pharm. Bd. 105, S. 861. 

® Arch. f. pathol. Anat. Bd. 89, 1867. 

^ Centralb. /. d. Med. WU$. 1868, Nr. 7. 
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yields a sngar-like body, possessing left-handed rotation, but incapable of 
fermentation. 

Prepa/ration. For this see W. Mflller*. 

Liebreioh* has described a body which he calls protagony and this at one time 
was regarded as the essential constituent of the brain. It seems probable however 
that it is merely a mixtare of lecithin and oerebrin’. 


NITROGENOUS METABOLITES. 

The Urea Group, Amides, and similar Bodies. 

Urea. (NH 3 ) 2 CO. 

The chief constituent of normal urine in mammalia, and some other 
animals; the urine of birds also contains a small amount. Normal 
blood, serous fluids, lymph and the liver, all contain the same body in 
traces. It is not found in the muscles, though bodies capable of direct 
transformation into urea do exist there. 

When pure it crystallises from a concentrated solution in the form of 
long, thin, glittering needles. If deposited slowly from dilute solutions, 
the form is that of four-sided prisms with pyramidal ends ; these are always 
anhydi'ous. It possesses a somewhat bitter cooling taste, like saltpetre. It 
is readily soluble in water and alcohol, the solutions being neutral. In an- 
hydrous (ether it is insoluble. The crystals may be heated to 120® C without 
being decomposed; at a higher temperature they are first liquefied and 
then bum, leaving no residue. Heated with strong acids or alkalis, 
decomposition ensues, the final products being carbonic anhydride and 
ammonia. The same decomposition may also occur as the result of the 
action of a specific ferment on urea in an aqueous solution*. Nitrous 
acid at once decomposes it into carbonic anhydride and free nitrogen. It 
readily forms compounds with acids and bases ; of these the following are 
of importance. 

Nitrate of urea. (NH 2 ) 2 CO . HNOj. 

Crystallises in six-sided or rhombic tables. Insoluble in (ether and 
nitric acid, soluble in water, slightly soluble in alcohol. 

Oxalate of wrea. ( (NH 3)2 CO), . HjCaO* -f- H 3 O. 

Often crystallises in long thin prisms, but under the microscope is 
obtained in a form closely resembling the nitrate ; it is slightly soluble in 
water, less so in alcohol. 

1 Op. cit. 

* Ann. d. Chem. u. PJiarm. Bd. 184, S. 29, 

* Hoppe-Seyler and Diakonow, Op. eit. 

^ Musyas, Ffluger’s ArchiVf xu. 214. 
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With mercuric nitrate urea yields three salts, containing respectively 4, 
3 and 2 equivalents of mercury to one of urea. The first is the precipitate 
formed in Liebig’s quantitative determination of urea. The exact con- 
stitution of these salts has not yet been determined. 

Preparation, Ammonium sulphate and potassium cyanate are mixed 
together in aqueous solution, and the mixture is evaporated to dryness. 
The residue extracted with absolute alcohol yields urea. From urine, 
either by evaporating to dryness, and then extracting with alcohol, or 
concentrating only to a syruj), and then forming the nitrate of urea; this is 
washed with nitric acid and decomposed with barium carbonate. 

Detection in Solutions, In addition to the microscopic appearances of 
the crystals obtained on evaporation, the nitrate and oxalate should be 
formed and examined. Another part should give a precipitate with mer- 
curic nitiate, in the absence of sodium chloride, but not in the presence of 
this last salt in excess. A third poition is treated with nitric acid 
containing nitrous fumes ; if urea is jiresent, nitrogen and carbonic anhy- 
dride will be obtained. To a fourth jjart nitric acid in excess and a 
little mercury are added, and the mixture is warmed. In presence of 
urea a colourless mixture of gases (N and COj) is given off. A fifth 
portion is kept melted for some time, dissolved in w l^r, and cupric 
sulphate and caustic soda are added; a red or violet colour, due to biuret, 
is developed. 

Urea is generally considered as being an amide of caibonic acid. The 
amide of an add is formed when water is removed from the ammonium 
salt of the acid; if the acid be dibasic and two molecules of water be 
removed, the result is often spoken of as a diamide. Thus if from am- 
monium carbonate, (NH 4 ) 2 CO„ two molecules of water, 2 H 2 O, bo removed, 
carbonic acid being a dibasic acid, the result is urea; thus ; 

(NH4)2C0, - 2 H 2 O = (NH2)2C0, 

which may be written either according to the ammonia typo as 

two atoms of amidogen (NHj) being substituted for two atoms of hy- 
droxyl (HO). 

The connection between carbonic acid and urea is shewn by the fact 
that not only may urea be formed out of ammonium carbamate by dehy- 
dration, but also ammonium carbonate may be formed out of urea by hydra- 
tion, aa when urea is subjected to the specific ferment mentioned above. 
Begarded then as a diamide of carbonic acid, urea may be spoken of as 
carbamide. Kolbe however is inclined to regard it, not as the diaJoiide of 
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carbonic acid^ but as the amide of carbamic acid. Ammonium carbamate, 
COgNjHg minus HaO, gives urea, CO, Nj, H 4 — which, if carbamic acid be 
written as CO, OH, NHj, may be written as CO, NHa, NH*, one atom 
of amidogen being substituted for one atom of hydroxyl, and not two, 
as when the substance is regarded as derived from carbonic acid. For 
the bearing of this difference of derivation see p. 352. 

Wanklyn and Gamgee^ however, since urea when heated with a large 
excess of potassium permanganate gives off all its nitrogen in a free state 
and not in the oxidized form of nitric acid, as do all other amides, conclude 
that it is not an amide at all, that it is isomeric only and not identical with 
carbamide. 

It is important to remember that urea is also isomeric with ammonium 

cyanate, and indeed was first formed artificially by Wohler 

from this body. We thus have three isomeric compounds, ammonium 
cyanate, urea, and carbamide, related to each other in such a way that urea 
may be obtained readily either from ammonium cyanate or from ammo> 
nium carbamate, and may with the gi’eatest ease be converted into ammo- 
nium carbonate. Now urea is a miich more stable body than ammonium 
cyanate, and in the transformation of the latter into the former, energy is 
sot free; and it is worthy of notice that though the presence of sulpho- 
cyanides in the saliva probably indicates the existence of cyanic residues in 
the body, the nitrogenous products of the decomposition of proteids belong 
chiefiy to the class of amides, cyanogen compounds being rare among them. 
Pflilger* has called attention to the great molecular energy of the cyanogen 
compounds, and has suggested that the functional metabolism of proto- 
plasm by which energy is set free, may be compared to the conversion of 
the energetic unstable cyanogen compounds into the less energetic and 
more stable amides. In other words, ammonium cyanate is a type of living, 
and urea of dead nitrogen, and the conversion of the former into the latter 
is an image of the essential change which takes place when a living proteid 
dies. 

Compound ureas. The hydrogen atoms of urea can be replaced by alcohol and 
acid radicals. The results are compound ureas. Many of them are called acids, since 
the hydrogen from the amide group, if not all replaced as above, can be replaced by 
a metal. Thus the substitution of oxalyl (oxalic acid) gives parabanio acid, 

(CO 

Nj -jH, or CO, NHj, N . 0,0,; 

(CjOj 

of tartronyl (tartronic acid), dialuric acid, CO, NH„ N . CgHjOg; of mesoxalyl (mesoxalic 
acid), alloxan, CO, NHg, N . CgOg. These bodies are interesting as being also obtained 
by the artificial oxidation of uric acid. 

1 Toum. Chem. Soe. 2, Vol, vi. p. 26. 

• PfiUger^B Archiv, x. 337. 
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Uric add. CaH 4 N 4 0,. 

The chief constituent of the urine in birds and reptiles; it occurs only 
sparingly in this excretion in man and most mammalia. It is normally 
pi'esent in the spleen, and traces of it have been found in the lungs, muscles 
of the heart, pancreas, brain and lirer. Urinary and renal calculi often 
consist largely of this body, or its salts. In gout, accumxdations of tiric 
acid salts may occur in various parts of the body, forming the so-called 
gouty concretions. 

It is when pure a colourless, crystalline powder, tasteless, and without 
odour. The crystalline form is very variable, but usually tends towards 
that of rhombic tables ^ When impure it crystallises readily, but then 
possesses a yellowish or brownish colour. In water it is very insoluble 
(1 in 14,000 or 15,000 of cold water); aether and alcohol do not 
dissolve it appreciably. On the other hand, sulphuric acid takes it 
up without decomposition, and it is also readily soluble in many salts of 
t)ie alkalis, as in the alkalis themselves. Ammonia however scarcely 
dissolves it. 

Salta of Uric add. Of these the most important are the acid urates of 
sodium, potassium, and ammonium. The sodium salt crystallises in many 
different forms, these not being characteristic, since the^ are almost the 
same for the corresponding compounds of the other two bases. It is very 
insoluble in cold water (1 in 1100 or 1200), more soluble in hot (1 in 125). 
It is the principal constituent of several forms of urinary sediment, and 
composes a large part of many calculi; the excrement of snakes contains it 
largely. The potassium resembles the sodium salt very closely, as also does 
the compound with ammonium ; the latter occurs generally in the sediment 
from alkaline urine. 

Frepa/ration. Usually from guano, or snake's excrement. From guano 
by boiling with caustic potash (1 part alkali to 20 of water) as long as 
ammonia is evolved. In the filtrate a precipitate of acid urate of potas- 
sium is formed by passing a current of carbonic anhydride, and this salt is 
then decomposed by excess of hydrochloric acid. 

The presence of uric acid is recognised by the following tests. The sub- 
stance having been examined microscopically, a portion is evaporated core- 
ftUlp to dryness with (me or two drops of nitric acid. The residue will, if 
uric acid is present, be of a red colour, which on the addition of ammonia 
turns to purple. This is the murexide test, and depends on the presence 
of alloxan and alloxantin in the residue. Schiff* has given a delicate 
reaction for uric acid. The substance is dissolved in sodic carbonate, and 
dropped on paper moistened with a silver salt. If uric acid be present 

1 See Ultzmann and E. B. Hoffmann, dtloi der Ilamsedimente, Wien, 1872. 

* Am. d. Chtm. u. Pharm, 109, p. 65. 



Apr] chemical BASIS OF THE ANIMAL BODY. 


615 


a brown stain is formed, due to the reduction of the silver carbonate. 
An alkaline solution of uric acid can, like dextrose, reduce cupric sulphate, 
with precipitation of the cuprous oxide. 

Unlike urea, uric acid cannot be formed artificially; and unlike urea 
and the urea compounds, it resists very largely the action of even strong 
acids and alkalis. This last fact would seem to indicate that urea residues 
do not pre-exist in uric acid; nevertheless by oxidation uric acid does give 
rise not only to ordinary urea, but also, and at the same time, to the com- 
pound ureas spoken of above. Thus by oxidation with acids, 

Uric acid. Alloxan. Urea. 

A + H,0 + O = A + ; 

Now alloxan, as was stated above, is a compound urea, viz. mesoxalyl- 
urea, and by hydration can be converted into mesoxalic acid and urea, thus : 

Alloxan. Mesoxalic acid. Urea. 

CAHA + 2I£,0 = C8H,05 + CN AO 5 

and by the action of chlorine uric acid can be split up directly into a 
molecule of mesoxalic acid and two molecules of urea : 

Uric acid. Mesoxalic acid. Urea. 

C ana + Ola + 4HaO = C 3 Ha 0, + 2CNaH,0 + 2HC1. 

By oxidation with alkalis, uric acid is converted into allantoin and 
carbonic acid. 

Uric acid. Allantoin. 

C 5 H AO 3 + HaO O - CANA + 00a ; 

and allantoin, by hydration, becomes allanturic or lantanuric acid and urea, 

Allantoin. Urea. Allanturic acid. 

C 4 H AOs + HaO = CHAO + C 3 HAO. 

Now allanturic acid is a compound urea, with a residue of glyoxylic 
acid. By other oxidations of uric acid, parabanic acid (oxalyl-urea), ox- 
jiluric acid (which is hydrated parabanic acid), and dialuric acid (tartronyl- 
urea) are obtained. In fact all these decompositions of a molecule of uric 
acid lead to two molecules of urea and a carbon acid of some kind or other. 

There are however reasons for thinking that before the urea can l)e 
obtained from the uric acid a molecular change takes place ; that part of the 
nitrogen of uric acid exists as a cyanogen residue, which on the splitting 
up of the uric acid is converted into the same condition as the rest of the 
nitrogen, viz. into the amide condition. It has been supposed indeed that 
uric acid is tartronyl cyanamide, in which two molecules of amidogen have 
been replaced by the radical of tartronic acid, and two others by two 
atoms of cyanogen, thus ; 

AHjOj 

{NH),(CN)AHA or N* ^(CN), 

A 
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If this be so, since the metabolism of the animals in which uric acid re> 
places urea cannot be supposed to be fundamentally different from that 
of the urea-producing animals, we may infer that the antecedent of both 
uric acid and urea in the regressive metabolism of proteids is, as we sug- 
gested above, a body containing some at least of its nitrogen in the form of 
cyanogen. 

Krmtin. C4 Nj Oa. 

Occurs as a constant constituent of the juices of muscles, though possibly 
it may be formed during the process of extraction by the hydration of 
kreatinin. Kreatin is not a normal constituent of urine, but it is said to 
occur in traces in several fluids of the body. When found in urine 
its presence is probably due to the conversion of kreatinin, a constant con- 
stituent of urine, into kreatin during its extraction, since Dessaignes* 
has shewn that the more rapidly the separation is effected, the less is 
the quantity of kreatin obtained, and the greater the amount of kreatinin. 

In the anhydrous form it is white and opaque, but crystallises with 
one molecule of water in colourless transparent rhombic prisms. It 
jiossesses a somewhat bitter taste, is soluble in cold, extremely soluble 
in hot water, is less soluble in absolute than in dilute alcohol, and is 
insoluble in aether. 

It is a very weak base, scarcely neutralising the weakest acids. It 
forms crystalline comjX)unds with sulphuric, hydrochloric and nitric acids. 

0 

Prepa/ration. From extract of muscle by precipitating completely 
with basic lead acetate, and crystallising out the kreatin, mixed with 
kreatinin. From this latter it is separated by the formation of the zinc- 
salt of kreatinin, kreatin not readily yielding a similar compound. 

Kreatin may be conveited into kreatinin under the influence of acids, the trans- 
formation being one of simple dehydration, 

Kreatin may be decomposed into sarcosin (methyl-glycin) and urea 

+ H,0 » CjHyNOa -t- CH^NaO ; 

it may be formed synthetically * by the action of sarcosin and cyanamide ; 

CjHyNO, + CH^a = CANsO,. 

Sarcosin is glycin in which one atom of hydrogen has been replaced by 
the alcohol radical methyl, thus: 

glycin becomes 0; 

like glycin, sarcosin has not been foimd in a free state in the body. 

1 cT. Pharm, (8) xzzn. p. 41. 

^ Sitzungiber. d. bayench. Akad, 1866, Eft. 8, p. 472. 
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Kreatinin, C 4 H7 N3 O. 

This, which is simply a dehydrated form of kreatin, occurs normally 
as a constant constituent of urine and of muscle extract. It crystallises 
ill colourless shining prisms, possessing a strong alkaline ’taste and reaction. 
It is readily soluble in cold water (1 in 11 ’5), also in alcohol, but is 
scarcely soluble in fiether. It acts as a powerful alkali, forming with acids 
and salts compounds which crystallise well. Of these the most important 
is the salt with zinc chloride ( 04 ll 7 l 780 )a Zn Clj. It is formed when a 
concentrated solution of the chloride* is added to a not too dilute solution 
of kreatinin. Since the compound is very little soluble in alcohol, it is 
better to use alcoholic rather than aqueous solutions. It crystallises in 
warty lumps composed of aggregated masses of prisms, or fine needles. 

Preparation, Either by the action of acids on kreatin, or from human 
urine by concentrating, and precipitating with lead acetate ; in the filtrate 
from this, a second precipitate is caused by the addition of mercuric 
chloride, and consists of a compound of this salt with kreatinin. The 
mercury is removed by sulphuretted hydrogen, and the kreatinin purified 
by the formation of the zinc salt, and washing with alcohol. 

Kreatinin-zinc chlorido may be converted into kreatin, by the action of hydrated 
oxide of lead on its boiling aqueous solution. 

A llantoin, C 4 Hg 174 Og. 

The characteristic constituent of the allantoic fluid of the foetus; it 
occurs also in the mine of animals for a short period after their birth. 
Traces of it are sometimes detected in this excretion at a later date. 

It ciystallises in small, shining, colourless prisms, which are tasteless 
and odourless. They are soluble in 160 parts of cold, more soluble in hot 
water, insoluble in cold alcohol and sether, soluble in hot alcohol. Car- 
bonates of the alkalis dissolve them, and compounds may be formed of 
allantoin with metals but not with acids. 

Allantoin, as already stated, p. 615, is one of the products of the oxida- 
tion of uric acid, and by furthei* oxidation gives rise to urea. 

Preparation, This is best done by the careful oxidation of uric acid 
either by means of potassium permanganate or ferrocyanide, or by lead 
oxide. 

Ilypoxanthin or Sarkin. Cg H 4 N 4 0. 

Is a normal constituent of muscles, occurring also in the spleen, 
liver, and medulla of bones. In leuchsemia it appears in the blood and 
urine. It crystallises in fine needles which are soluble in 300 parts of cold, 
more soluble in hot water, insoluble in alcohol, soluble in acids and alkalis. 
It forms crystalline compounds with acids and bases. It is precipitated 
by basic acetate of lead, the precipitate being soluble in a solution of the 
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normal acetate. Its preparation from muscle-extract depends on its pre- 
cipitation first bj basic acetate of lead, and then by an ammoniacal solu- 
tion of silver nitrate after the removal of kreatin. 

Xanthin. C5H4 1^4 08. 

First discovered in a urinary calculus, and called xanthic oxide. More 
recently it has been found as a normal, though scanty, constituent of xirine, 
muscles, and several organs, such as the liver, spleen, thymus, <fec. 

When precipitated by cooling from its hot, saturated, aqueous solution 
it falls in white flocks, but if the solution be allowed to evaporate slowly 
it is obtained in small scales. When pure it is a colourless powder, very 
insoluble in water, requiring 1500 times its bulk for solution at 100® C. 
Insoluble in alcohol and aether, it readily dissolves in dilute acids and 
alkalis, forming ciystallisable compounds. 

Hypoxanthin by oxidation becomes xanthin. Both these bodies, as 
well as the following, guanin and camin, are evidently closely allied to 
uric acid ; indeed, uric acid by the action of sodium-amalgam may be con- 
verted into a mixture of xanthin and hypoxanthin. 

Preparation, It is obtained from urine and the aqueous extract of 
muscle by a process similar to that for hypoxanthin, and is then separated 
from the latter by the action of dilute hydrochloric acid ; this separation 
depends on the diflferent solubilities of the hydrochlorates of the two bodies. 
For further information see Neubauer 

Gamin. Cy Hg 1^4 O,. 

Discovered by Weidel* in extract of meat, of which it constitutes about 
one per cent. 

It crystallises in white masses composed of very small irregular crystals ; 
it is soluble with difiiculty in cold, more easily soluble in hot water, in- 
soluble in alcohol and sether. Its aqueous solution is not precipitated by 
normal lead acetate, but is by the basic acetate of this metal. It unites 
with acids and salts forming ciystalline compounds. 

Prepa/ratwn. Is found in the precipitate caused in extract of meat by 
basic acetate of lead *. 

This body poBsesBes an interoBting relation to hypoxanthin, into which it may be 
oonverted by the action either of nitric acid or, still better, of bromine. 

Ouamn. Hg Ng O. 

First obtained from* guano, but recently observed as occurring in small 
quantities in the pancreas, liver and muscle extract. 

1 Ham-Analyae, 7 Ed. p. 24. 

* Ann, d, Chem, u. Pham, Bd. 168, p. 866. 

* 3ee Weidel, Op. dt. 
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It is a wHte amorphous powder, insoluble in water, alcohol, sether and 
ammonia. It unites with acids, alkalis and salts to form crystallisable 
compounds. 

Frepa/ration, From guano by boiling successively with milk of lime 
and caustic soda, precipitating with acetic acid, and purifying by solution 
in hydrochloric acid and precipitation by ammonia. 

Guanin may, by the action of nitrous acid, be converted into xanthin. 
By oxidation it can bo made to' yield principally guanidine and parabanic 
acid, accompanied however by small quantities of urea, xanthin and oxalic 
acid. 

Its separation from hypoxanthin and xanthin depends on its insolubility 
in water and behaviour with hydrochloric acid. 

Kynurenic add. Oe + 2Hj O. 

Found in the urine of dogs, and first described by Liebig When pure 
it crystallises in brilliant white needles, insoluble in cold, soluble in hot 
alcohoL The only salt of this body which crystallises well is that formed 
with barium. For preparation and other particulars see Liebig® and 
Schultzen and Schmiedeberg®. 

Ghjdn. Cj Hj (NHj) 0 (OH). Also called Olycocoll and Glycocine. 

Does not occur in a free state in the human body, but enters into the 
composition of many important substances, e. g, hippuric and bile acids. 
It crystallises in large, colourless, hard rhombohedra, which are easily 
soluble in water, insoluble in cold, slightly soluble in hot alcohol, insoluble 
in fiether. It possesses an add reaction, but a sweet taste. It has also the 
property of uniting with both acids and bases, to form crystallisable com- 
pounds. In this it exhibits its amide nature, and that it is an amide 
is rendered evident from the methods of its synthetic preparation; thus 
mono-chlor-acetic acid and ammonia give glycin and ammonium chlo- 
ride Oa + 2KH8 = C,Ha(NH,)0(0H) + NH,C1. It is amido-acetic 

acid. Heated with caustic baryta it yields ammonia and methylamine. 

Frepa/ration. From glutin by the action of acids or alkalis; from 
hippuric acid by decomposing this with hydrochloric acid at a boiling 
temperature and removing by precipitation the simultaneously formed 
benzoic acid. 

Taurin. Cj H^ NO, S. 

In addition to entering into the composition of taurocholic (see p. 625) 
acid, taurin is found in traces in the juices of muscle and of the lungs. 

1 Ann, d, Chem. u. Pharm. Bd. 86, p. 126. and Bd. 108, p. 854. 

■ Op. cit. * Ann. d. Chem. «. Pharm. Bd. 164, p. 156. 
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It crystallises in colourless, regular, six-sided prisms; these are readily 
soluble in water, less so in alcohol. The solutions are neutral. It is a 
veiy stable compound, resisting temperatures of less than 240® C; it is 
not acted on by dilute alkalis and acids, even when boiled with them. 
It is not precipitated by metallic salts. 

Taurin is amido-isethionic acid; and may be synthetically prepared 
from isethionio (ethyl-sulphuric) acid by the action of ammonia ; thus : 

Isethionic acid. Ammonia. Taurin. 

+ NH, = 

Preparation. As a product of the decomposition of bile, and is purified 
by removing any traces of bile acids by means of lead acetate, and then 
successively crystallising from water. 


Leucin. Cg Hij N 

Is one of the principal products of the decomposition of nitrogenous 
matter, either under the influence of putrefaction or of strong acids and 
alkalis. It occurs however normally in the pancreas, spleen, thymus, 
thyroid, salivary glands, liver, <fec., and is one of the products of the tryptic 
(pancreatic) digestion of proteids ; in acute atrophy of the live ♦ it is present 
in the urine in large quantity, in company with tyrosin. 

As usually obtained in an impure form it crystallises in rounded lumps 
which are often collected together, and sometimes exhibit radiating stria- 
tion. When pure, it forms very thin, white, glittering flat crystals. These 
are easily soluble in hot water, less so in cold water and alcohol, insoluble 
in aether. They feel oily to the touch, and are without smell and taste. 
Acids and alkalis dissolve them readily, and crystallisable compounds are 
formed. 

Carefully heated to 170® it sublimes, but at a higher temperature is decomposed 
yielding amylamin, carbonic anhydride and ammonia. In the presence of putrefjung 
animal matter it splits up into valeric acid and ammonia ; in this it exhibits its amide 
nature. 


Lcucin is amido-caproic acid, and may be written thus : 


C.H, 


NHJ 


Preparation, Erom hom-shavings by boiling with sulphuric acid, 
neutralising with baryta and separating from tyrosin by successive crys- 
tallisation. See also Klihne^ 

Scherer has given the following test for leucin. The suspected sub- 
stance is evaporated carefully to dryness with nitric acid; the residue, if it 


1 Virchow^a Arehiv, Bd. 89, S. 180. 
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is leuoin, will be almost transparent and turn yellow or brown on the 
addition of caustic soda. If heated again with the alkali an oily drop 
is obtained, which is quite characteristic of this substance. Leucin, if not 
too impure, may be easily recognised by its subliming on being heated; 
a characteristic odour of amylamin is at the same time evolved. 

Cystin, C, II7 NSOg. 

Is the chief constituent of a rarely occurring urinary calculus in men 
and dogs. It may also occur in renal concretions, and in gravel. 

From calculi it is obtained, by extraction with ammonia, as colourless 
six-sided tables or rhombohedra, which are neutral and tasteless. It is 
insoluble in water, alcohol and aether, soluble in ammonia and the other 
alkalis, and also in mineral acids. The fact that this body is one of the 
few crystalline substances, occurring physiologically, which contain sulphur, 
renders its detection very easy. Apart from its insolubility in water, 
<kc., it yields with caustic potash and salts of either silver or lead, a 
brown colouration due to the presence of the sulj^hidos of these metals. 

According to Bowar and Gamgeei cystin is amido-sulpho-pyruvic acid, and its 
formula is CgHgNSOg — pyruvic being lactic acid minus two atoms of hydrogen. 

Tue Aromatic Series. 

Benzoic acid, IIC7 II5 Oj. 

This is not found as a normal constituent of the body, but owes its 
I)resenco in urine to the decomposition of hipjjuric acid, whereby glycin 
and benzoic acid are formed : 

Hippuric acid. Glycin. Benzoic acid. 

C, H, (C7 H, O) NOa + O = Cj Hb + C7 0 ,. 

The sublimed acid is generally crystallised in fine needles, which are 
light and glistening; any odour they 2)osses8 is not due to the acid, but to 
an essential oil, with which they are mixed. When precipitated from 
solution, the crystalline form is always indistinct. This acid is soluble in 
200 parts cold, or 25 parts of boiling water, but is easily soluble in alcohol 
or eether. It sublimes readily at 145 ®C; it also passes off in the vapours 
arising from its heated solutions. 

Prepa/ration, Either as above from hippuric acid by fermentation, or 
the action of hydrochloric acid, or by sublimation from gum-benzoin. 

Ty rosin, C9 Hy N Og. 

Generally accompanies leucin, and is perhaps found normally in small 
quantities in the jmncreas and spleen. It is also usually obtained in large 

1 Joum, of Anat, and Physiol, Nov, 1870, p. 143, 
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quantities by the decomposition of proteid matter, either by putrefaction 
or the action of acids* 

The researches of Kadziejewsky' render it probable that tyrosin does not oootir 
normally in any part of the human organism, except as a product of pancreatic 
digestion. 

It crystallises in exceedingly fine needles which are usually collected into 
feathery masses. The crystals are snow-white, tasteless and odourless, 
almost insoluble in cold water, readily soluble in hot water, acids and 
alkalis, insoluble in alcohol and tether. If crystallised from an alkaline 
solution tyrosin often assiunes the form of rosettes composed of fine needles 
arranged radiately. 

Tyrosin does not sublime by heating, but is decomposed with an odour 
of phenol and nitrobenzol. On boiling with Millon’s reagent it gives a 
reaction almost identical with that for proteids (Hoffmann’s test). Treated 
with strong sulphuric acid and gently warmed, it yields, on the addition 
of chloride of iron, a violet colour (Piria’s test). 

Tyrosin is an ammonia compoimd belonging to the aromatic (benzoic) 
series. 

Preparation. By means similar to those employed for leucin, the sepa- 
ration of the two depending on their solubilities. Accordi g to Kiihne’s 
method* large quantities are easily obtained as the result of pancreatic 
digestion. It has not yet been formed synthetically. 

Hippuiric acid. N Oj. Or Benzoyl-glycin. Cj H 4 (C^ H 5 O) N Oy 

Is foimd in considerable quantities in the urine of herbivora, and also, 
though to a much smaller amount, in the urine of man. It is formed in 
the body by the union with dehydration of glycin and benzoic acid, see 
p. 354. 

Crystallised from a saturated aqueous solution, it assumes the form of 
fine needles; if from a more dilute solution, white, semitransparent four- 
sided prisms are obtained. These when pure are odourless, with a somewhat 
bitter taste. They are soluble in 600 parts of cold water, readily soluble 
in alcohol, less so in sether. All the solutions redden litmus. 

Hippuric acid is monobasic, and forms salts which are readily soluble in 
water (except the iron salts); from these, if in sufficiently concentrated 
solutions, excess of hydrochloric acid precipitates the acid in fine needles. 
When heated with concentrated mineral acids it is resolved into benzoic 
acid and glycin. The same decomposition occurs in presence of putrefy- 
ing bodies. Strong nitric acid produces an odour of nitrobenzol. 


1 Arehiv f. path. Anat. Bd. 86, p. 1. ZeiUch.f. anal. Chem. Bd, 6, p. 466. 
* Virohow^B Arch. Bd. 39, p. 131). 
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Frt'pwroAvcm. Fresh urine of horses or cows is boiled with milk of 
lime, filtered, and the filtrate evaporated to a small bulk; the hippuric 
acid is then precipitated by adding an excess of hydrochloric acid. 

When heated in a small tube, hippuric acid gives a sublimate of benzoic 
acid and ammonium benzoate, accompanied by an odour like that of new 
hay, while oily, red drops are observed in the tube. This is very character- 
istic, and distinguishes it from benzoic acid. 

Fhmylic {Carbolic) acid. Hg 0. 

This acid occurs only as a urinary constituent. According to the 
older view it was a normal constituent of this excretion ; it seems, how- 
ever, more probable that it is due to some decomposition occurring in the 
urine, by the processes requisite for its isolation. 

Bullginsky^ says the urine of many animals, of cows and horses always, contains a 
substance insolublo in alcohol, and not precipitated by lead acetate and ammonia, 
which by the action of dilute mineral acids gives carbolic acid. The same acid applied 
to the body externally or internally also passes into the urine*. Similarly benzol 
(CgHg) when taken into the stomach appears as carbolic acid in the nrine^. 

The jmro acid crystallises in long, colourless prismatic needles; they 
melt at 35®C, and boil at 180®C. It is readily soluble in alcohol and 
aether, slightly soluble in water (I part in 20). In most cases it acts as 
a weak acid, forming crystalline salts with the alkalis. With nitric acid 
it yields picric acid. Its solutions reduce silver and mercury salts. 

Preparation. By the dry distillation of salicylic acid, also from the 
acid products of the distillation of coal 


The Bile Series. 


Cholic {or cholalic) acid. 11 . C 24 H 39 O 5 + 0. 

Occurs in traces in the small intestine, in larger quantities in the 
contents of the large intestine, and the excrements of men, cows and 
dogs. In Icterus, the urine often contains traces of this acid. But its 
principal interest lies in its being the starting point for the various 
bile acids (see below). The pure acid may be amorphous, or crystalline, 
in the latter case crystallising from hot alcoholic solutions in tetrahedra. 
These crystals are insoluble in water and aether. In the amorphous 
form, it is somewhat soluble in water and aether. Heated to 200®C, it is 
converted into water and dyslysin (C 54 Hjg 0 ,). 

1 Hoppe-Seyler, Med. Chem. XJntersxich. 1867, Heft 2, p. 234. 

* Alm4n, Netiee Jahrh. d. Fharm. Bd. 34, p. 111. B^owski, PflUger*s Archive Bd. 
6, p. 836. 

3 Bohultzen and Kaunyu, Beiohert u. Bu-Boia Beymond*s Archiv, 1867, Heft 3. 
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This acid possesses, in the anhydroas condition, a specific rotatory power 
of +50® for yellow Kght: when it ciystallises with H^O, the rotation 
is + 35®. The rotatory power of the alkali salts are always less than the 
above, and when in solution in alcohol, the rotation is independent of the 
concentration. For the alcoholic solution of the sodium salt, the rotation 
is +31-4®. 

Prepa/ration. By the decompositions of bile acids by means of acids, 
alkalis, or fermentative changes. 

PetterJcofer*8 test. 

This well-known test for bile acids depends on the reaction of cholalic 
acid in presence of sugar and sulphuric acid. If to a solution of the acid 
a little sugar be added, and then sulphuric acid, keeping the temperature 
below but not much below 70®C, a beautiful reddish purple is obtained. 
This gives a characteristic spectrum with two absorption bands, one be- 
tween D and Ey nearest to Ey the other close to on the red side of F, 

Proteids, and other bodies easily decomposed by siilpbuiic acid such 
as amyl-alcohol, give a similar colouration, and the reaction is much im- 
peded by the presence of colouring matters \ 


Glycocholic acid. C^g N O^. 

This is the principal bile-acid of ox-gall; it is also present in the bile of 
man, but has so far not been observed in that of carnivora. In Icteiiis, 
the urine may contain traces of this acid. 

It crystallises in fine, glistening needles. These are slightly soluble in 
cold water ; readily so in hot water and alcohol ; insoluble in ajther. They 
possess a bitter and yet sweet taste, and a strong acid reaction. 

The salts of this acid are readily soluble in water and crystallise well. 
The salts, as well as the free acid, exert right-handed polarisation amounting 
to + 29*0® for the acid, and + 25*7® for the sodium salt, both measured for 
yellow light. 

Glycocholic acid is a compound of glycin and cholalic acid ; thus ; 

Cholalic acid. Glycin. Glycocholic acid. 

H,o Of + CjNHjOa - H,0 = 

Prolonged boiling with dilate mineral acids or oanstio alkalis decomposes this body 
into glycin and cholic acid ; if dissolyed in concentrated Bolpharic acid and then 
warmed, one molecnle of water is removed, and oholonio acid obtained, C, 0 H 4 jNOo. 
The bariam salt of this last acid is insoluble in water, which fact is of importance, 
since cholonic acid poBsesses nearly the same specific rotatory power as glycocholic. 

1 For further information on this subject see ; Bisdioil, ZeiUchr, f. rat. Med. Ser. 
8 , Bd. 21, p. 126. Schenk, Anatom, physiol, Untersuch. Wien, 1872, p. 47. 
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Preparation. From ox-gall, by evaporating to a syrup, decolorising 
with animal charcoal, extracting with strong alcohol, and precipitating by a 
large excess of sether. Its separation from taurocholio acid depends on the 
precipitation of its solution by normal lead acetate. 

TavrocJiolio acid. C*, H 45 ^ 807 . 

Occurs also in ox-gall, but is found especially plentiful in human bile 
and that of carnivora. 

It has not yet been obtained in the crystalline form\ although its salts 
crystallise readily. When dried it is an amorphous powder, with pure 
bitter taste, easily soluble in water and alcohol, insoluble in sether. All 
its salts are soluble in water, and are precipitated by basic lead acetate only 
in- the presence of free ammonia. The sodium salt dissolved in alcohol 
has a specific rotatory power of + 24*5®; if dissolved in water this rotation 
is less, and in this respect it rtssembles glycocholic acid. 

This acid is far more unstable than the preceding one, being decom- 
posed if boiled with water. I^he products of decomposition are taurin and 
cholalic acid. 

Taurocholic acid is a compound of taurin and cholalic acid; thus: 

Cholalic acid. Taurin. Taurocholic acid. 

^ 24 ^ 4 , 0 , + C2H7NO8S - Kfi - C26H45NO7S. 

Preparation. From the gall of dogs by a process similar to that for 
glycocholic acid. It is sei)arated from traces of this latter and from cholic 
acid by preparation with basic lead acetate and ammonia. 


The Indigo Series. 

Indican. 

There often occui*s in the urine and sweat of men and animals a certain 
substance which has not yet been satisfactorily isolated, but which yields 
by the action of acids the blue colouring matter indigo as one product of 
the decomposition. A similar substance is found in several plants (Indigo- 
fera, Isatis), and the two have been considered identical ; in the present 
state of information on this subject it cannot with certainty be stated 
whether this is so or not. For its preparation and quantitative determina- 
tion see Jaff(S, Arch.f. d. gee. Phydol. iii. p. 448; also Schunk, Phil. Mag. 
Vol. X. p. 73, XIV. p. 228, xv. p. 29, 117, 183. Chem, CentroUb. 1856, 
p. 60, 1857, p. 957, 1858, p. 225. 

It is always estimated by conveision into indigo. 

1 Neuhauer u. Vogel, Ham-Analyte. Ed. vii. p. 97. 


F. P. 
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Indigo. N O, 

It is formed, as stated above, from indican, and gives rise to tbe bluish 
colour sometimes observed in sweat and urine. 

It may, by slow formation from indioan, be obtained in fine crystals ; 
these are insoluble in water, slightly soluble with a faint violet colour in 
alcohol and mther. Chloroform also dissolves them to a slight extent. 
Indigo is soluble in strong sulphuric acid, forming at the "same time two 
compounds with this acid; these are soluble in water. It possesses a pure 
blue colour ; when pressed with a hard body a reddish copper-coloured mark 
is left, and the crystals exhibit the same colour if seen in reflected light. 

The soluble compounds with sulphuric acid give an absorption band in 
the spectrum which lies close to the D line and to the red side of it. This 
may be used to detect indigo. 

Treated with reducing agents, indigo is decolorised, being reduced 
to indigo-white. The latter contains two atoms more hydrogen than indigo. 

Indol. 

To this body the specific odour of the fsecea is partly due. It is obtained 
as the final product of the reduction of indigo; and also by the distillation 
of proteid matter with caustic alkalis. 

It often occurs among the products of the action of pancreatic ferment 
on proteids; its presence in such cases appears however to be due, not to 
the action of the trypsin, but to a simultaneous putrefaction under the 
influence of bacteria, etc. * If the pancreatic digestion be carried on in 
the presence of salicylic acid, indol does not make its appearance ; see 
p. 201, Indol gives a characteristic red colour with nitrous acid, 

^ Kiilme, Verhand. d, Heidelb. Naturlmt. Med. Ver. N.S. Bd. i. Hit. 8. Bericht. 
d. Beutschen Chem. Gesellschaft^ 1875, p. 200. 
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Abebration, Bphorical, of the eye, 410 
Absorption by the skin, 316 
Absorption of fat, proteids, and products 
of digestion, 244, 260 
Absorption of food by diffusion, 250 
Accelerating fibres, 94 
Accelerator nerves, 148, 153, 177 
Accommodation, power of, in the eye, 391 
Acetic acid, 600 
Achroodextrin, 186, 339 
Acid-albumin, 676, 691 
Acidity of urine, 319 
Acids, decomposition of prcrteids by, 588 
Acids in perspiration, 313 
Acoustic apparatus of tlie ear, 449 
Adamuk on the brain, 614 
Adipose tissue {See Fat) 

Afferent impulses, 90, 147, 471 ; of vaso- 
motor action, 160, 163, 164, 166 ; of de- 
glutition, 230 ; in respiration, 289 ; in 
micturition, 328 ; nerves conveying, 389 
After-images of vision, 426 
Air, tidal, stationary and residual, in re- 
spiration, 254 ; its changes in respira- 
ration, 264, 302 
Aladoff on diabetes, 338 
Albertoni, the brain, 606 
aUbumin, action of gastric juice on, 190 
Albumins, 673, 690 
Albuminates, 675 

Alimentary canal, 183; changes of food 
in the, 237 

Alimentary mechanism, 7 
Alkali-albumin, 677, 691 
Alkaline urine of herbivora, 320 
Allantoic vessels, 647 
Allantoin, 617 

Ammonia in expired air, 266 
Amoeba), properties of, 1, 80, 224, 247, 346 
Amylolytio action of pancreatic juice, 199 ; 

of saliva, 185, 186, 221 
Amylolytio ferment, 222 
Analyses, of perspiration, 812; oi the 
composition of the animal body, 366, 566 
Aneleotrotonus, 61, 62, 66 
Animal body, chemical basis of the, 671 
Antipeptone, 202 
Antiperistaltio action, 230 
Anus, 233 

Aorta, pressure in, 122 
Aortic valves, 123 
Apnoea, 229, 294, 806 
Appreciation of apparent size, 434 
Arterial blood, 267, 276, 280, 282, 283, 
286, 293, 297 
Arterial pidse (See Pulse) 


Arteries, 84, 98, 103, 107, 109, 110 ; con- 
tractility and dilation of, 154, 207, 216 ; 
renal, 321 

ArtiffcM diabetes, 337 
Ascending aorta, pulse wave in, 136 
Asphyxia, 229, 259, 289, 293, 302, 308 
Aspirates (voice) 634 
Astigmatism, 410 

Atropin, its effects, 145, 230, 324, 408 
Aubbrt on cutaneous respiration, 313 
Auditory sensations, 462 
Auerbach, nervous plexus in the in- 
testines, 90; perist^tic movements m 
digestion, 228 
Augmenting fibres, 94 
Auricles, blood-pressure in, 119 
Auriculo-ventricular valves, 122 
Automatic action, 2, 86, 88, 90, 147; of 
the heart, 169; of peristaltic move- 
ments, 228 ; of the respiratory centre, 
289 ; the spinal cord as a centre of this 
action, 478 
Automatic tissues, 5 

Axillary artery of the tortoise, its con- 
tractility, 165 

Bacteria, 242, 244 
lUnoGH, cerebral convolutions, 604 
Banting’s dietetic system, 364 
Bat, movement of veins in its wing, 165 
Bauer, absorption of products of diges- 
tion, 244 

Baxt, cardiac accelerator nerves, 149 ; 

velocity of nervous impulses, 394 
Beat of the heart {See Heart-beat) 
Beaumont, Dr, researches on digestion, 262 
Becher, on respiration, 266, 282, 283 
Becker, mechanism of salivary ascrotion, 
213 

Bed-sores, 381 
Bees, temperature of, 372 
Behaviour of brainless animals, 471, 489 
Bell, Bir Chab., roots of spinal nerves, 
390 ; motor and sensory fibres, 626 
Benzoic acid, 621 

Bernard, Claude, on the * internal me- 
dium,’ 11 ; section of the cervical sym- 
pathetic, 169, 179 ; pancreatic juice, 
199 'k secretion of saliva, 207 ; mechan- 
ism of digestive secretion, 208, 213 ; 
digestion, 240, 243, 262; haemoglobin, 
278; cutaneous secretion, 315; glyco- 
gen, 331 ; thermogenic and frigorific 
nerves, 379 ; oUactoiy organs, 469 
Bernoulli’s model of respiratory move- 
meuts, 261 
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Bebnbtein, on nerve-onrrents, 60 ; mus- 
cular contraction, 54, 69 
Bebnstein, N. 0., pancreatic juice, 108, 
204, 216 

Beroe, muscular fibre in, 82 
Beezelius, researches on digestion, 262 
Bichat, on death, 667 
Bidder and Schmidt, on digestion, 241, 
252 ; on nutrition and starvation, 867, 386 
Bidder, nerves of the submaxillary gang- 
lion, 209 

Bile, 188, 196 — 198, its colour, 196, con- 
stituents, pigments, 195, 224 ; bile-salts, 
190, 624 ; action on food, 197 ; secretion 
of, 216, 223 ; its efiect on fat, 241 ; in 
the foetus, 649 
Bilirubin, 30, 196 
BiHverdin, 196 
Binocular vision, 446 
Birds, brainless, their behaviour, 491, 517 
Birds, uric acid in, 853 
Bibchoff, on nutrition and starvation, 
857, 386 

Black’s discovery of carbonic acid in air, 
810 

Bladder, 327 

Blagden, Dr, effects of heat, 875 
Blastoderm, 647 
Blind spot, 429, 434 

Blood, 6, 11 — 31; its chemical composi- 
tion, 12 ; coagulation, 14 ; fibrin, 15 ; 
fibriuopl^tin and fibrinogen, 18 ; fibrin- 
ferment, 20; infiuence of the living 
blood-vessels, 22 ; sources of the fibrin - 
factors, 24; history of the corpuscles, 
27 ; quantity and ^stribution of blood 
in animals and man, 31 ; velocity of fiow ; 
Volkmann’s hsemadromometer, 103 ; 
Ludwig’s stromuhr (diagram) 104 ; 
Vierordt’s hasmatachometer, 106; sugar 
in, 250 

Blood, changes in quantity and quality, 
174 — 179; effect of its condition on 
peristaltic movements, 229 ; respiratory 
changes in it, 267 ; relations of oxygen 
in the blood, 268 ; colour of arterial 
and venous, 276; effect of respiration, 
280, 2H3, 298 ; relations of carbonic 
acid and nitrogen in blood, 280, 281 
Blood, ciiculation of the, 96-~179 
Blood, in menstruation, 542 
Blood, of the foetus, 648, 650 
Blood-pressure, 99—179 ; apparatus for 
investigating (diagram), lOO ; endo- 
cardiac pressure; Fick’s manometer, 
4 Surv 6 B of pressure in cavities of heart, 
left ventricle and aorta (diagrams), 120, 
121, 122 ; its relation to heart-beat, 150, 
153 ; effect of bleeding and injection of 
blood, 175, 210, 294; in asphyxia, 804; 
in secretion of urine, 821 
Blood- supply, its infiuence on muscular 
contraction, 74, 77 

Boohefontaine, cerebral convolutions, 
604 

Boll, visual purple of the retina, 414 


Bone, 4, 7 
Bones, broken, 541 
Bowman, on renal secretion, 824 
Boyle, on respiration, 541 
Brachial plexus, section of, 166, 167 
Brain, the, and automatic reflex action in, 
94; pulsation of the, 295; kreatin in, 
849; a source of heat, 878; its func- 
tions, 489 — 526; cerebral convolutions 
in tho dog and man (diagrams), 501, 
502, 503 ; effects of stimulation of, 554 ; 
growth of the, 661 

Brainless animals, behaviour of, 471, 478, 
489 

Bread fSee Dietetics, Nutrition) 

Breathmg (See Bespiration) 

Breuer, respiratory action of vagus, 290 
‘ Bright ’ colours, 427 
Brodie, bodily heat, 377 
Brown- Sequard, vascular mechanism, 
179 ; on the spinal cord, 483 ; cerebral 
convolutions, 604 

Brucke, on blood-clotting, 22, 24; semi- 
lunar valves of the heart, 128 ; digestion 
of starch, 185; peptone and pepsin, 193, 
202, 221 

* Buffy coat ’ in blood, 15 

Bunge, hippuiic acid, 364 

Busch, movements of the stomach, 233 ; 

digestion, 241 
Butyric acid, 601 

Casciun, 243 

Calcareous degeneration, 662 
Campbell, pigments of bile, 196 
Capillary circulation, 97, 106, 107, 100, 170 ; 
changOB in peripheral resistance, 171 — 
174 ; blood-pressure in renal secretion, 
321 

Caproic acid, 601 
Caiboliydrate food, effects of, 363 
Carbohydrates in the human body, 595 
Carbolic acid, 622 

Carbonic acid, in expired air, 254, 265, 266, 
267; in tho blood, 268; exit from blood, 
282 ; in the tissues, 285 ; effects of ex- 
cess of, 296, 307 
Cardiac impulse, 115, 127 
Cardiac muscles, 83 

Cardiac sound, for measuring blood-pres- 
sure (diagram), 117 
Cardio^aph, 116, 189 
Cardio-inhibitoiy centre, 147, 161, 177 
Camin, 618 

Carnivorous animals, nutrition of, 865 
Carotid artery, blood-pressure in, 99, 102 
Cartilage, 5, 7 

Cartilages of the ribs, their action in respi- 
ration, 261 

Cartilages, nasal, 264 
Oarvillb, on the brain, 614 
Casein, 845, 578 

Cat, saliva of, 187; blood-crystals, 271; 
perspiration, 815, 816; composition of 
body, 866 

Cells, migrating; 84; ectodermic ouden- 
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dodermio, 85; epitheliam, of alimen- 
tary canal, 188 
Cellulose, 184 

Central nervous mechanism, 8, 87 
Centres of organic functions in medulla 
oblongata, 520 

Cebadiki, on valves of the heart, 124 
Cerebellum, 617 

Cerebral actions, rapidity of, 521 
Cerebral convolutions of the dog and man 
(diagrams), 501, 502, 503 
Cerebrin, 610 

Cervical sympathetic, section of the, 167 
(vHAPEBON, spinal cord, 475 
Chauveau, instrument for measuring blood 
pressure, 106, 116 ; movements of the 
cesophagus, 231 

Chemical Action, tissues of, 183 — 810; 
Digestion, 183 — 252; Bespiration, 253 
—310 

Chemical aspects of respiration, 287 
Chemical basis of the animal body, 571 
Chemical changes in muscular contrac- 
tion, 67 

Chemical changes in tissues, 5 
Chemical composition of blood, 12 
Chemical substances in muscle, 82 
Children, temperature of, 370 
Chloral, its effect on cerebral functions, 163 
Cholesterin {See Bile) 

Cholic acid, 0‘J3 
Chondrin, 692 

Chorda tympani, stimulation of the : vas- 
cular effects, 106, 107; secreting effects, 
212, 222 ; thermic effects, 379 
Chordfo vocales, 527 
Chordee tendiuess, 122 
Chromatic aberration of the eye, 411 
Chyle, 246, 247 
C’hyme, 238, 239, 241, 243 
Ciliary ganglia, 407 
Ciliary movement, 83 
Ciliary muscle, 405 
Ciliated colls, 89 

Circulation of the blood, 6; 90 — 179; 
effects of respiration on, 295 ; in 
asphyxia, 304 ; in the foetus, 550 
Coa^ation of the blood, 12, 14 
Coagxilated proteids, 684, 591 
Cochlea, functions of, 463 
CoLASANTi, effect of cold on guinea-pigs, 
376 

Cold, effect of on temperature of tlio body, 
375, 880; on rabbits and guinea-pigs, 
876, 877 
Colon, 233 

Colour blindness, 425 
Colour sensations, 420 
Colour, ‘pale,’ ‘rich,* ‘deep,’ ‘bright,’ 427 
Colour vision, 416, 424 
Colour of the retina, 414 
Colour of venous and arterial blood, 276, 
280 

Compensating action for local disturbance, 
179 

Composition of the animal body, 855 


Consciousness and intelligence, 478 
Consonants, 533 

Constriction of arteries {See Contraction) 
Contractile tissues, 31 — 84 ; chemical sub- 
stances in muscle, 81; phenomena of 
muscle and nerve, 33 ; unstriated mns- 
cnlar tissue, 82; cardiac muscles, 83; 
cilia, 88 ; migrating cells, 84 
Contractile tissues, illustrated by tlie 
pendulum myograph, 37, 40 j the mag- 
netic interrupter, 47 
Contractility of the amoeba, 1 
Contraction, law of muHcular, 66; con- 
tractility of blood-vessels, 164, 16t), 
168, 170, 176 

Contraction of the walls of the stomach, 
282 

Contraction (See Muscular Contraction) 
Contrast, visual sensations of, 433 
Convulsions in asphyxia, 302, 803 
Convulsive centre, 520 
Coordination of visual movements, 440 
Coronary arteries, 123, 151, 177 
Corpora Arautii, 123 
Corpora quadrigemina, 514, 521 
Corpora striata, 613, 521 
Corpuscles of the blood, 11, 12; their 
history, 24, 25, 26, 27, 98, 271 
Corpuscles, inorganic salts in, 13 
Corpuscles, in inflammation, 172 
Corpuscles, starch, 184 
Corpuscles, salivary, 183, 210 
Corpus luteum, 642 
CoKTi, rods of, 454 

CoRvisART, researches on digestion, 352 
Coughing, 309 
Cranial nerves, 392, 623 
Crassamentum, or blod-elot, 16 
Crura cerebri, section of, 168, 519, 521 
Crying, 310 

Currents (See Electric currents, Nerve 
currents) 

Curves, pulse (with tracings), 136, 136 
Curves, respiratory (with tracings), 266 
Cutaneous respiration, 313 
CvoN, on vaso-motor centre, 158 ; diabetes, 
338; urea in the liver, 361 
CzERMAK, effects of chorda stimulation, 
212 

Danilewbkt, on pancreatic juice, 203 
Deahna, on urari stimulation, 163 ; blood- 
pressure, 178 

Death, 489; death agony, perspiration in, 
315 

Decidua, 546 

Decomposition of proteids, 688, 690 
Debn, Van, on the spinal cord, 488 
‘Deep’ colours, 427 
DefiBcation, 233 
Deglutition, 225 

Demtschbnko, secretion of tears, 448 
Denis, on coagulation of the blood, 17 
Dentition, 560 
Depressor nerve, 162 
Derived proteids, 591 
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Detntsor nrinse, 827 
Dextrin, 184, 186, 699 
Dextrose, 596 
Diabetes, 337, 389, 376 
Diabetic centre, 620 

Diagrams: of pendulum myograph, 37, 40 ; 
musde'cnires, 39 j nervous impulses, 
42 ; the magnetic interruptor, 47 ; non- 
polarisable electrodes, 48; muscle-nerve 
preparations, 60, 79; illustrating elec- 
trotonus, 61 ; simplest forms of a ner- 
vous system, 86 ; blood-pressure, 99, 116; 
apparatus for investigating blood- 
pressure, 100; kymograph, 103; Lud- 
wig’s stromuhr, for measuring velo- 
city of flow of blood, 104; Marey's 
tambour, with cardiac sound, 117; 
Tick’s spring manometer, 120; curves 
of pressure in cavities of heart, 121, 
sounds of the heart, 126; pulse-curves, 
133 ; cardiac inhibition, 144, 162, 153 ; 
cervical and thoracic ganglia of rabbit, 
148 ; of dog, 149 ; submaxillary gland of 
dog, 207 ; secretion of pancreatic juice, 
216; reapiratoiy movements, 256; ap- 
paratus for taldng tracings of move- 
ments of air in respiration, 267} 258; 
Ludwig’s mercurial gas-pump, 269; 
blood-pressure curves and intra-thoracio 
pressure, 298; Purkinje’s figures, 431, 
432; muscles of the eye-balls, 439; 
the horopter, 443; areas of spinal 
nerves, 481, 482; cerebral convolutions, 
of the dog, 501 ; of man, 602, 603 ; the 
larynx, 628 

Diaphragm, its action, 115, 259, 262, 
288, 291 

Diastole of heart, length of, 119 
Dicrotic pulse-wave, 185, 136 
Dietetics, 383 

Diet of an animal, normal, 357 
Digestion, tissues and mechanisms of, 
7, 183 — 252 ; saliva, 183 ; gastric juice, 
188; bile, 195; pancreatic juice, 198; 
succus enteriouB, 204; secretion of 
digestive juices, 206; muscular me- 
chanism, 224 — 287; changes of food in 
alimentary canal, 237; absorption of 
products, 244; decomposition of pro- 
teids, 588 

Digestive secretion, mechanism of, 206 
Dilation of blood-vessels, 155, 175, 210, 215 
Dioptric mechanisms of sight, 397, 410 
Distribution of blood in the body, 31 
Diuretic drugs, 828 
Divers, respiration of, 804 
Dock, on glycogen, 882; on sugar in 
urine, 889 

Dog, quantity and distribution of blood in 
the, 80; arterial pressure, 102, 106, 
168, 298 ; velocity of the circulation, 112, 
section of vagi, 147 ; cervical and thoracic 
gwglia of (diagram}, 149; saliva, 187; 
bile, 196; panoreatio juice, 198; sub- 
maxillary (p^uid (diagr^), 207; vomit- 
ing, 287; blood-o^stals, 271^ 282, 283; 


perspiration, 815 ; cerebral convolutions 
(dia^ams), 601 

Dooibl, on hlood-oiroulation, 106; sounds 
of the heart, 127 

Dondebs, len^h of the cardiac systole, 
119, 130; pulse-waves, IBS; inhibition 
of heart- beat, 144 ; lung-pressure, 266 ; 
movements of the eye-balls, 437; the 
rapidity of mental operations, 522 
Double pulse, 187 
Drowning, 804 

Du-Bois Beymonp, pendulum myograph, 
88; on muscle-currents, 62; muscular 
contraction, 63 ; muscle and nerve, 78, 81 
Duchenne’s experiments on respiratory 
movoments, 261 
Dumas, on nutrition, 841 
Duodenum, 230, 231, 236, 240 
Durham, sleep, 564 
Dyspepsia, 663 
Dyspeptone, 202 

Dyspnoea, 269, 289, 293, 295, 302, 303, 308 

Ear, the, 460 
Ebstein, on pepsin, 220 
Eckhabb, nervi erigentes, 105 ; action of 
BubmaxiUary gan^on, 208 ; on secretion 
of saliva, 214; diabetes, 338; morphia 
diabetes, 339 ; spinal cord, 479 ; cerebral 
convolutions, 604 ; the cerebellum, 619 
Ectodermic colls, 86 
Eboren, movementi- of the pupil, 407 
Ebwards, W., respiratory changes, 265, 
286, 310 

Eel, caudal vein, 156 ; iris, 406 ; contrac- 
tion of the pupil, 406 
Efferent impiriBes in secretion of saliva, 
90, 210; vomiting, 235; in reflex action, 
472 

Egg-albumin, 673 
Elastin, 594 

Electric currents of nerve and muscle, 48, 
79 

Electrodes, non-polarisable, illustrating 
nerve-currents (diagram), 48 
Electrotonus, 69 — 66, 78 
Emetics, effect of, 287 
Emminghaus, movements of chyle, 249 
Emotions causing micturition, 829 
Endo-oardiao pressure, 115 ; Tick’s spring 
manometer, 120; curves of pressure in 
cavities of heart, 121 ; in left ventricle 
and aorta, 122 
Endodemaic cells, 86 
Energy of the body (income and expendi- 
ture), 869 ; muscular, 868 
Engelmann, on muscle-currents, 53 ; auto- 
matic action of ureter, 90; oiliaiy move- 
ment in the frog, 84; peristaltic move- 
ments, 280 

Entoptio phenomena of sight, 412 
Epiglottis, 226 

EpitheHum cells, 188, 206, 211, 247, 824, 
826, 845 

Erect posture, 686 

Ergoti its effect on peristaltic action, 280 
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EmsMANK, on ontaneons Beoretion^ 815 
Eructation, 239 
Erythrogranulose, 185 
Estob, seat of oxidation in respiration, 
284 

Eustachian tube, 451 
Excretion of urine, 817; of inilk, 844; of 
nitrogen in muscular exercise, 870 {See 
Dofa3cation, Micturition) 

Excretoi^ tissues, 4, 5 
Exhaustion, muscular, 76 
Exneb, on reflex actions,^ 478; on the 
rapidity of mental operations, 521 
Expiration, 254, 258 ; moTements in, 262, 
288, 297, 301 
Explosives (voice), 534 
Extractives in muscular tissues, 34 
Eye, the, {See Sight) 

Eye-baUs, movements of the, 437, 514 

Facial respiration, 26 i 
FEeces, 235, 243 
Fainting, 147 
Fallopian tubes, 542, 645 
Falsetto voice, 531 
Fat, history of, 340, 350 
Fat of milk, 3t4 

Fats, their derivatives and aUios, 599 
Fats in serum, 12 ; action of bile on, 198; 
of pancreatic juice, 203; digestion of, 
238, 240, 211, 250 
Fatty degeneration, 562 
Fatty food, effects of, 363, 364, 384 
Fauces, 225, 226, 236 
Fechneb’s formula of visual sensations, 
418 

Feeling and Touch, 462 
Ferment, amylolytic, 222 
Ferments, organized and unorganized, 
186; saliva, 186; gastric juice, 193; of 
pancreatic juice, 199, 219 ; in the small 
intestine, 242 

Febnet, on respiration, 310 
Ferbieb, on the brain, 606, 612, 616, 617 ; 
cerebral convolutions of the dog and 
man (diagrams), 601, 602, 603 
Fibrin, 12, 16, 16, 19, 24, 81, 190, 192, 
199, 681, 691 
Fibrinogen, 581 
Fibrinoplastin, 12, 680 
Fick, on blood'Circulation, 119, 121 ; 
spring manometer (diagram), 120; pres- 
sure in cavities of heart (diagram), 121 ; 
urea and muscular exercise, 369; muscles 
of the eye-balls, 440; spinal oord, 488 
Flatulency, 239 

Flbisohl, nervous irritability, 71 
Floubens, on the respiratory centre, 269 ; 

on the brain, 516 
Foetus {See Embryo) 

Food, action of bile and pancreatic juice 
on, 197, 198 

Food, fattening diet, 864; potential energy 
of food, 367, 883 

Food, glycogen produced by, 882, 885 
Food, its effect on the stomach, 232; 


absorption by diffusion, 260; effects of 
carbohydrate, 363 

Food, its changes in the alimentary canal, 
237 

Food, tissues and mechanisms of diges- 
tion, 183 — 262 ; changes of food in the 
alimentary canal, 237; absorption of 
products of digestion, 244 
Force of heart-boat, 130 
Fobdtoe, Dr, effect of heat, 375 
Formic acid, 600 

Fbankland, on the potential energy of 
food, 367 

Frequency of heart-beat, 130 
Frerichs, on digestion, 252 
Freusbero, on reflex actions, 477 
Frigorific nerves, 379 
Fbitsoh, cerebral convolutions of the d<)g 
(diagram), 601 

Frog, experiments on the; blood, 26; 
nerves, 33, 35, 36, 50, 71, 73, 91; Iho 
rheoBcopio frog, 60, 62; muscle cur- 
rents, 62; ciliary movement, 84; lymph- 
atic heart, 89, 93; circulation in web 
of foot, 97; heart, 141, 142, 143, 147; 
contractility of arteries, 164, 166 ; blood- 
vessels, 172 ; capillary circulation, 179 ; 
cutaneous respiration, 313 ; contraction 
of tho pupil, 406 ; visual pui’plo in, 416 ; 
spinal cord, 471, 487; lymph heart, 479 
Frog, brainless, its behaviour, 471, 489 
Functional activity, its influence on mus- 
cular irritjihility, 76 

Funke, on Buccus entericus, 204 ; sugar in 
blood and urine, 250 ; respiration, 301 ; 
quantity of perspiration, 312 

Galabin, Dr, diagrams of pulse-curves, 
136, 136 

Galvanic current, its effect on muscular 
contraction, 08 

Ganglia, 89, 93, 143, 146, 228, 232, 891 ; 
cervical and thoracic, of rabbit and 
dog (diagrams), 148, 149 
Gabrod, on pulse-waves, 134 ; heart-beat, 
177 ; quantity and flow of blood, 177 
Gases, in eructation, 239; in the largo 
intestine, 243 ; in the blood, 267 
Gases in urine, 319 
Gases, poisonous, respiration of, 307 
Gas-pump, mercurial, Ludwig’s (diagram), 
269 

Gaskell, W. H,, contraction and dilation 
of arteries, 167 

Gastric juice, 183, 188, 214, 238 ; artifleial, 
189, 667 

Gastric compared with pancreatic diges- 
tion, 201 

Gelatin, 693, as food, 365 
Geblach, on cutaneous respiration, 313 
Gestation, 563 
Giddiness, 497 

Gilbert and Lawxs, on the formation of 
fat, 841, 868 

Glands, submaxillary, secretion of saliva, 
206 ; submaxUlaiy of dog (diagram) 207 ; 
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gastric^ 220; salivary, 221; of rabbit, 
222; secreting sweat, 814; mammary, 
844 ; laohrym^, Meibomian, 447 
Gubson, on muscular contraction, 36 
Globin, 278 

Globulin, in muscular tissue, and saliva, 
83, 184, 279, 679, 691 
Glomeruli, renal, 321 
Glottis, its action in respiration, 264, 289, 
628 ; contractions of the (diagram), 628 
Glutin, 693 
Glycerine, 604 

Glycerinphosphorio acid, 607 
Glycocholic acid, 624 
Glycin, 619 

Glycogen, 830, 649, 698 
Gmelii 7, researches on digestion, 252 
Goltz, on vaso-motor actions, 169, 168 ; 
movements of the (esophagus, 230, 233 ; 
defseoation, 233, 234 ; movements of 
lymph, 249 ; micturition, 328 ; reflex 
actions, 477 ; lymph-hearts, 479 ; the 
cerebral convolutions, 626; menstrua- 
tion, 644 ; impregnation, 545 
Goose, bile of, 196 ; blood-crystals, 272 
Graaffian follicle, 642 
Granulose, 185 
Gbehant, on urea, 860 
Grey matter of the spinal cord, 486 
Growth, phases of life, 661 
Gbutzneb, on pepsin, 220 
Gscheidi^en, on the colouring power of 
blood, 31 ; on the origin of urea, 350, 
351 

Guanin, 618 

Guinea-pig, saliva of the, 187 ; blood crys- 
tals, 271 ; effect of cold on, 376 
Gustatory buds, 460 

Gyekoyai, absorption of protoids in di- 
gestion, 250 

Habebman, on proteids, 690 
Haomadromometer of Volkmann, for mea- 
suring blood-pressure, 103 
Hfiematachometer, for measuring blood- 
pressure, 105 
H»matin, 278, 279 
HflBmatoidin, 29 

H80moglobin,13, 21, 29, 223, 271, 278, 281 
Haemorrhage, efleots of, on vascular me- 
chanism, 174 

Haeblin, on paralbumin, 676 
Hales, Hr Stephen, circulation of blood, 
99, 179 

Halfobb, sounds of the heart, 127 
Haller, on muscular contraction, 86 ; on 
physiology of muscle and nerve, 81 ; 
re8pirato]iy movements, 261 
Hambeboeb^s model of respiratory move- 
ments, 261 

Haumabbten, coagulation of blood, 21; 

gastric juice in new-born animals, 667 
Hearing, 449 

Heart, the, 113 — 181 ; phenomena of the 
normal beat, 118; curves of pressure 
in cavities of heart, 121 ; mechanism of 


the 4ralves, 122 ; sounds of the heart, 
126 ; its failure before death, 667 
Heart-beat, 89, 90 ; normal, 96, 99, 102, 
109, 110, 118, 122; variations in, 129, 
140—158, 805, 821, 549 
Heart-murmurs, 127 
Heart of the babe, 667 
Heart of the frog, 98 
Heat, loss of energy from, 868 
Heat, sources and distribution of, 872 
Heat, varying production of, 876 
Hedgehog, blood-crystals of the, 272 
Heibekhain, on pancreatic digestion, 200 ; 
mechanism of digestive secretion, 208, 
218; researches on digestion, 262; on 
renal secretion, 325; on nutrition, 870; 
bodily heat, 878, 879; lymph-hearts, 
479 

Heller, movements of chyle, 248 
Helmholtz, on muscular contraction, 68 ; 
velocity of nervous impulses, 81 ; loss 
of energy from heat, 373 ; dioptric me- 
chanisms, 413; colour sensations, 422 ; 
the horopter, 443; vision and musical 
sounds, 470 

IIelmont, Van, on carbonic acid gas, 810 
Hemipeptone, 202 
Hensen, on auditory hairs, 465 
Hepatic artery, and the secretion of bile, 
223; hepatic cells, 4, 228, 224, 830, 336 
Herbivorous animaJ nutrition of, 865 
Hebin(^, respirator} Iction of vagus, 290 ; 
nervous mechanism of respiration, 292 ; 
colour sensations, 424; sensations of 
temperature, 465 

Hermann, on muscular contraction, 53; 
rigor mortis, and electrical theory of 
muscle, 74, 79, 81 ; respiration of 
muscle, 81 

Hebzen, inhibition of reflex action, 474 
Hebzenstein, secretion of tears, 448 
Heynsiub, pigments of bile, 196 
Hiccough, 309 
Hippuric acid, 354 

Hirsch, on the personal equation, 522 
Hirschmann, on visual sensations, 419 
Hitzio, on the cerebral convolutions of 
the dog (diagram), 601, 604; cerebel- 
lum, 617 ; vertigo, 518 
Hlasiwitz, on proteids, 690 
Holmgren, movements of the pupil, 407, 
409; electric currents of the optic 
nerve, 413 

Hook, on artificial respiration, 810 
Hoppe-Seylbr, on the composition of 
blood, 12, 13, 14; on bile, 197; hfomo- 
globin, 280; respiration, 810; nutri- 
tion, 362 ; analysis of proteids, 672 
Horopter, the, 448 

Horse, blood-circulation in the, 19, 22, 
26, 26, 99, 102, 106, 111, 116, 119; 
saliva, 187, 238; blood-crystals, 271; 
locomotion, 588 

OBVATH, death from extreme heat, 880 
ouoKGEEST, Yak Bbaam, peristoltio ac- 
tion, 229 
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ntJrjfEB, on influence of bacteria In diges- 
tion, 201 

Hutchinson, vital capacity of the lungs, 
255 

Huxley, blood corpuscles, 28 
Hydra, 82, 85 

Hydraulic principles of blood circulation, 
107 

Hydrozoa, ciliary movement in, 84, 86 
Hydruria, or excessive renal secretion, 322 
Hypcrpnooa, 802 

Hypoglossal, vaso-motor action of the, 156 
Hypoxanthin, 348, 617 

Heo-ctBCfll valve, 230, 233, 243 
Impregnation, 545 

Impulses, nervous, 86; efferent and af- 
ferent, 90; afferent, 889; conduction 
of by the spinal cord, 483 ; nervous, in 
respiration, 289 ; sensory and motor, 95 
Income and outcome of diet, 358 
Income of energy, 366 
Incontinence of urine, 329 
Indican in urine, 319, 025 
Indigo, 626 

Indigo-carmine, excretion of, 825 
Indol, 201 

Induction-machine, 45; induction-shock, 
effects of, 39, 58, 67, 68, 77, 144 
Inert layer in capillary circulation, 98 
Infants, temperature of, 379 
Inflammation, its effects, 172, 381 
Infusoria, ciliary movement in, 84 
Inhibition, 93 ; of heart-beat, 144 — 153, 
176 ; of peristaltic action, 229 ; of saliva, 
214 ; of reflex action, 474 ; parturition, 
554 

Injection of blood, effects of, 175 
Inosit, 698 

Insensible perspiration, 312 
Inspiration, mechanics of, 254, 258, 269 ; 
nervous mechanism of, 2 h 8 ; effects on 
circulation, 297 ; in asphyxia, 302 
Integration of fundamental tissues, 6 
Intercostal muscles, their action in respi- 
ration, 261, 263 
Intestine, large, 233, 243 
Intestine, small, 227, 240 
Irradiation of visual sensations, 433 
Irritable tissues, 6, 6 
Irritability of nerve and muscle, 32, 36, 
36, 64, 72, 75 

Isthmus faucium, 225, 226 

Jaborandi, its effect on heart-beat, 145 
Jacobson, on blood-pressure, 106 
Jaffe, urobilin in urine, 80 ; pigments of 
bile, 196 
Jaundice, 224 

Jones, Whaeton, blood-corpuscles, 28 
JijDELL, composition of red oorpnsoles, 13 
Judgments, visual, 444; auditory, 467; 
tactile, 466 

Juices, digestive, 188 — 224 
Jumping, 632 


Katelectrotonns, 61, 62, 64, 65 
Kemmebich, on the secretion of milk, 845 
Kenual, on cutaneous secretion, 815 
Kendall, vaso-motor action, 168, 169 
Keratin, 594 

Kidneys, secretion by the, 317 — 329, 850 
Klein, origin of white blood-corpuscles, 
29 

Knock, bodily heat, 379 
Knoll, on the corpora quadrigemina, 614, 
516 

Kohlschutter, sleep, 666 
Kollikeb, red corpuscles, 28, 29 ; suocus 
entericus, 204 

Kobneb, on uterine contractions, 655 
Kreatin, kreatinin, 348, 349, 615, 619 
Kboneoker, on muscular contraction, 67, 
78 ; functional activity of muscles, 77 
Kuhne, on the chemistry of muscle, 84, 
82 ; gastric juice, 194 ; pancreatic juice, 
199; proteids, 201, 203; mechanism of 
salivary secretion, 218; secretion in tho 
pancreas, 218; visual purple of tho 
retina, 415 

Kupffeb, on endings of nerves in sali- 
vary glands, 212 
Kubschneb, on heart-beat, 114. 
Kymograph for recording arterial pres- 
sure (diagram), 103 
Kynurenio acid, 618 

Labour, loss of energy by, 368 
Laboxu'-pains, 554 

Laboured respiration, 254, 259, 262, 203, 
288 

Lachrymal glands, 447 
Lactoals, 246 
Lactic acid, 605 
Lactoso, 697 

Laobange, on respiration, 310 
Landois, on blood-circulation, 119 ; pulse- 
waves, 134 ; cerebral convolutions, 604 
Langkndobf, inhibition of reflex action, 
475 

Langley, salivary socrotion, 213 
Lardacoin, 589, 591 

Laryngeal nerve, superior, in respiration, 
291 ; in voice, 530 ; inferior, in respira- 
tion, 292 ; in voice, 530. 

Laryngeal respiration, 264 
Laryngoscope, 264 

Larynx, 225, 528; diagrams of tho, 528, 
532 

Latsohenbergeb, on urori stimulation, 
163; blood-pressure, 178; respiration, 
801 

Laughing, 810 
Laurosteario acid, 601 
Lavoibieb, on respiration, 810 
Laweb and Gilbebt, on the formation of 
fat, 341, 863 

Lea and Kuhne, secretion in the pancreas, 
218 

Lecithin, 609 

Legg, Wickham, on diabetes, 339 
Leucin, 201, 202, 242, 361, 619 
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LEuwEKaoxs, oapiUary cironlation, 179 
Leyatores costarum, 262 
Li£bebmai7N, pigments of bile, 196 
Liebig, on formation of fat, 341; nutri- 
tion, 868, 871, 886 
Life, the phases of, 556 
lingual nerve, 156, 206 
Libteb, J., coagulation of the blood, 22, 
24; vaso-motor action, 159 
Listing, movements of the eye-balls, 438 
Liver, secretion of bile, 222 ; a source of 
, sugar, 831 ; a source of heat, 878 
Locomotor ataxy, 469 
Locomotor mechanisms, 636 
Lobtet, instrument for measuring blood- 
pressure, 106 

Loven, constriction and dilation of arte- 
ries, 164 

Loweb, on respiration, 310 
Luchsingeb, vaso-molor action, 168, 169 ; 
cutaneous secretion, 316; perspkation 
in the cat, 316 

Ludwig, on blood-circulation, 104, 106; 
sounds of the heart, 127; vascular 
mechanism, 179 ; mechanism of salivary 
secretion, 213; peristaltic action, 230; 
mercurial gas-pump (diagram), 269 ; res- 
piration, 310 ; renal secretion, 325 ; tem- 
perature of Bubmaxillary gland, 879 
Lumbar cord, 543, 558 
Lungs, the : mechanics ^ of pulmonary 
respiration, 254; elastic force of, 255, 
296; respiratory changes in, 281; loss 
of heat from, 374 
LxmulaB of heart-valves, 123 
Lutein, 80 

Lymph, Lymph-vessels, Lymphatic glands, 
29, 82, 246, 247 

Lymph-hearts of the frog, 89, 479 
Lymphatic system in infancy and youth, 
559 

Magnetic interrupter (diagram), 47 
Magnus on respiration, 310 
Majendib, on vomiting, 236; sensory 
nerves, 390 ; olfactory nerve, 459 ; the 
brain, 621 

Malpighi, capillary circulation, 179 
Malpighian bodies of the kidney, 317, 821 
Mai^ary gland, 844 
Manometer applied to blood-circulation, 
99, 101, 120; to heart-beat, 144, 151, 
152, 158 (See Diagrams) 

Marching, 687 

Mabey, on blood-circulation. 111; blood- 
pressure, 116, 119; pulse waves, 133; 
heart-beat, 161 ; Marey’s tambour, 
(diagram) 117,258; pneumograph, 256; 
locomotion of the horse, 538 
Mastication, 225 

Mayow, on changes of air in respiration, 
266 ; on oxygen, 310 
Maxwell, on colour-sensations, 421 
Meat (See Dietetics, Nutrition) 

Mechanioal tissues, 5 

Mechanism of digestive secretion, 206 


Mechanisms of respiration, 258 — 810 
Mechanisms of reproduction, 541 
Meconium, 549 

Medulla oblongata, 620; oardio-inhibitory 
centre, 147; respiratory centre, 288; 
vaso-motor centre, 167 ; centre for 
secretion of saliva, 210; for deglutition, 
227 ; for movements of oesophagus and 
stomach, 230; for vomiting, 288; con- 
vulsive centre, 302; as a centre of co- 
ordination in the frog, 498; in the 
mammal, 477 
Meibomian glands, 447 
Meissnbb, plexus of the intestines, 90; 
peptic digestion, 202, 203; peristaltic 
action in digestion, 228 ; urea and urates 
in the liver, 351; hippuric acid, 364; 
peptones, 686 
Menstruation, 642 

Mental emotions producing perspiration, 
316 

Mercurial gas-pump, Ludwig, (diagram) 
269 

Mercury manometer applied to blood- 
circulation, 99, 107, 116, 144, 161 (See 
Diagrams) 

Metabolic tissues, 4, 6 
Metabolic products in urine, 320 
Metabolic pbenomcna of the body, 830 
Metabolism of the embryo, 548 
Metabolites, nitrogenous, 610 
Metapeptone, 202 

Meyeb, Lothab, on respiration, 810 
Michieli, the cerebral convolutions, 605 
Micturition, 327, 475 
Miescheb, on blood-corpuselcs, 14; nu- 
clein, 695 ; spinal cord, 485, 488 
Migrating cells, 84 

Milk, 299, 300; action of gastric juico on, 
191, 194 
Milk-sugar, 597 

Minorals, action of gastric juice on, 189 
Molebchott, normal diet of man, 358 
Monkey, cerebral convolutions, 602 
Morphia diabetes, 339 
Mosso, changes in the circulation, 173; 

movements of the oosophagus, 231 
Motor fibres, 156 
Motor nerves, 87, 05 
Mouth, its action in digestion, 238 
Mucin, 592 
Muciparous cells, 222 
Mucous glands, 222 

Mullbb, J. J., researches on respiration, 
283 

Muller, Worm, effects of bleeding, 174 
Muller, W,, changes of air in respiration, 
283 

Mulleb, j., on the senses, 470; on reflex 
actions, 525 

Muscarin, its effect on heart-beat, 145 
Muscle and nerve, 60, 70, 71, 78 
Muscle currents in frog and rabbit, 52 
Muscle-curves, diagrams o^ 89, 44, 45 
Muscles, 82 — 84; chemical substances in 
muscle, 82; glycogen in^ 385; kreatin 
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in, 849; respiratory changes in, 284; 
phenomena of mnscle and nerve, 33; 
unstriated muscular tissue, 82 ; cardiac 
muscles, 83 ; cilia, 88 ; migratory cells, 
84 

Muscles of deffipcation, 233 
Muscles of mastication and deglutition, 
224, 225 

Muscles of micturition, 827 
Muscles of respiration, 259, 261, 263, 288 
Muscles of the eye-balls, 439 
Muscles of the foetus, 549 
Muscles of the larynx, 628 
Muscular contraction shewn by tho 
pendulum myograph, 37, 38; changes 
in a musolo during contraction, 52; 
electrical changes, 62; change of form, 
65; physical changes, 66; chemical 
changes, 67; law of contraction, 65; 
circumstances affecting its amount and 
character, 68 

Muscular energy, sources of, 368 
Muscular fibre cells, 86 
Muscular fibres in arteries, 151 
Muscular mechanisms, 7 
Muscular mechanisms of digestion, 224 — 
237; of respiration, 253 — 310; masti- 
cation, 225; deglutition, 225; peristal- 
tic action, 227; movements of the ooso- 
phagus, 230; of the stomach, 232; of 
the large intestine, 233 ; vomiting, 235 
Muscular mechanisms, Special, 527 
Muscular irritability, 35, 36, 62 
Muscular sense, 468 
Muscular sound, 56 
Muscular tissues, 4 
Musical sounds, nature of, 453 
Myograph, pendulum (diagram), 37, 40 
Myosin in muscular tissues, 33, 73, 81, 
581 

Myristic acid, 601 

Native albumins, 673 
Nausea, 235 

Negative variation, in nerve-currents, 50; 

of muscle- currents, 53 
Nerve and muscle, phenomena of, 35 
Nerve-currents, natural, 48; illustrated 
by non-polarisable electrodes (diagram), 
48; negative variation, 50, 63 
Norve-roots, 87 

Nerves, accelerator, 148, 177 ; experiments 
with pendulum myograph, 38; irritabi- 
lity of, 71, 72; cardiac, of tho dog, 149; 
thermogenic, 377 ; frigorifio, 879 
Nerves, cranial, 392, 523 
Nerves, their effect on constriction and 
dilation of arteries, 155 
Nerves employed in defaecation, 233 
Nerves in connection with striated mus- 
cles, 82 

Nerves, their influence on the secretion 
and ejection of milk, 346 
Nerves of mastication and deglutition, 
225 

Nerves of sight, 407 


Nerves of touch, 462, 468 
Nerves, renal, 822 
Nerves, sensory, 389 
Nerves, spinal, 390, 481 
Nerves, splenic, 347 
Nerves, vaso-motor, 366 
Nervi erigentes, 165, 167 
Nervi mesenterici, 147 
Nervous action in the oesophagus, 230 
Nervous action in vomiting, 236 
Nervous influences on peristaltic action, 
228 

Nervous impulses, curves illustrating their 
velocity, 42 ; changes in the nervo dur- 
ing their passage, 46, 69, 66, 78 
Nervous irritability, 63, 64 
Nervous mechanism for secreting diges- 
tive juices, 200, 214, 216 
Nervous mechanism of the gastric move- 
ments, 232 

Nervous mechanism of perspiration, 315 
Nervous mechanism of respiration, 288 
Nervous system, 6, 7, 8; simplest forms 
of (diagram), 86 ; its influence on heart- 
beat, minute arteries and capillaries, 
142; its influence on nutrition, 381; 
in infancy and youth, 559 
Nervous tissues, properties of, 4, 86 — 95 ; 
metabolism of, 349 

Nervous tissues, general properties of, 
87 

Neumann, red corpuscles, 28 
Nourin, 609 
Neutral fats, 603 

Nicotin, its effect on heart-beat, 146; 

peristaltic action, 230 
Nitrogen of inspired and expired air, 265 
Nitrogen, quantity in arterial and venous 
blood, 262 

Nitrogen, its relations in the blood, 281 
Nitrogenous crystalline bodies in urine, 
318 

Nitrogenous food, 368 
Nitrogenous metabolism, 361 
Nitrogenous metabolites, 610 
Nmud vital j 289 

Non-nitrogenous metabolism, 863 
Non-polarisable electrodes (diagram), 48 
Normal diet, 357, 385 
Nostrils, their action in respiration, 264, 
289 

Nothnagel, on the brain, 613, 618 
Nuclein, 695 

Nutrition, 830; production of glycogen, 
332 ; of tho embryo, 647 

Ocular spectra, 434 

Odour of the breath, 266 

Oehl, movements of the pupil, 409 

(Esophagus, movements of, 280, 235 

Old age, 662 

Oleic acid, 602 

Olein, 604 

Olfactory organs, 468 
Oppleb on renal secretion, 850 
Optic thalami, 613, 621 
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Osmosis, 97 
Otio ganglia, 93 
Ovaries, 542, 545 
Ovum, 641, 646, 647, 667 
OwsjANNiKow, vaso-motor centre, 168, 
165 ; on reflex actions, 477 
Ox, saliva of the, 187 ; bile, 196 ; blood- 
crystals, 272 
Oxalic acid, 607 

Oxidation, seat of, in respiration, 284 
Oxygon inhaled in respiration, 253, 254, 
265, 267 ; quantity and condition in 
arterial and venous blood, 268, 270, 
280, 295 ; its entrance into the lungs in 
respiration, 281, 287 : the cause of dys- 
pnoea, asphyxia, and apucca, 306 
Oxygen tension, 282, 287 
Oxyhflomoglobin, 78, 273, 275 

Palate in deglutition, 225, 226 
* Pale’ colours, 427 
Palmitic acid, 602 
Piilmitin, 603 
I’ancrcatic digestion, 242 
Pancreatic juice, 183, 198, 216, 217, 240, 
242, 342 

Papillary muscles, 122 
Paraglobulin, 18, 680 
Paralytic saliva, 214, 217 
Parapeptone, 191, 198, 200, 202, 241 
I’ABiKAUi), bodily heat, 378 
Pakkes, on urea and muscular exorcise, 
369 

l^arotid saliva, 187, 212 
l‘arturition, 553 

Paschftix, on the action of saliva, 186 ; 
movements of lymph, 249 ; inhibition 
of reflex action, 474 

Pendulum myograph (diagram), 40; dia- 
grams obtained by it, 39 
Ponicillium, 343, 366 
Penis, mechanism of erection, 16G, 646 
Peptic digestion, 190, 202 
Peptic glands, 220 

Pepsin, the ferment of gastric juice, 198, 
201, 220 
Peptone, 191 

Peptones in gastric juice, 188, 189 
Peptones, 197, 200, 202, 239, 685, 591 
Perceptions, tactUe, 462, 466 ; visual, 427, 
432 

Periodicity in the phenomena of the body, 
663 

Peripheral resistance in blood-circulation, 
110, 162—171, 128, 137, 172, 177 
Peristaltic contractions, 89, 90, 93 ; in 
defeecation, 234 ; in digestion, 227 ; in 
the oesophagus, 230; in the stomach, 
232 

Perspiration, nature and amount of, 811 ; 
nervous mechanism of, 816; average 
loss by, 859, 874 

PETTENKora», on changes of air in respi- 
ration, 266 ; on nutrition, 360, 363, 370, 
386 ; sleep, 665 
pettenkofer’s test, 623 


PflUoeb, nervous irritability during eleo- 
trotonus, 61, 71, 82 ; endings of nerves 
in saliv^ glands, 212; inhibition of 
peristaltic action, 229; pump for ex- 
tracting gas from blood, 268, 269 ; hae- 
moglobin, 278; seat of oxidation in 
respiration, 284; respiratory changes 
in tissues, 286, 310; spinal cord, 473; 
sleep, 665 

Pharynx in deglutition, 225 ; vomiting, 
231, 236 

Phases of life, 556 

Philipeaux, on union of sensory and 
motor nerves, 393 

Phosphorus as an element of food, 306 
Phrenic nerve, its effect on respiration, 
288 

Phthisis, cold sweats in, 315 
Pig, saliva of the, 187 ; bile, 196 ; blood- 
crystals, 272 

Pigments in bile, 223 ; in urine, 318, 325 
Placenta, 646, 549, 650 
Planee, gases of intestine, 242 
Plasma of the blood, 11, 12, 13, 15, 19 
Pla-^mine, 17, 19 
Plateau, on after images, 427 
Piethysmograph, for measuring changes 
in the circulation, 173 
Pl<5sz, absorption of proteids in digestion, 
260 

Pnoumogastric nerve» its influence in 
respiration, 289 

Pncuinographs, Marey’s and Pick’s, 266, 
2u8 

PoiHEUiLLE, application of the mercury 
manometer to blood-circulation, 102 
Poison, ofleot of urari, 36, 338; carbonic 
oxide, 339 

Polyuria, or excessive renal secretion, 
322 

Pons Varolii, 619, 621 
Potential energy of food, 367 
Predicrotio pulse-wave, 136, 136, 137 
Pregnancy, 646 

Pressure, blood, 99 — 179, 294 {See Blood 
pressure) 

Pressure of air in respiration, 808 
Pressure, sensations of, 463 
Pjieyeb, on blood-corpuscles, 29 ; on hno- 
moglobiu and hfematin, 279, 280 ; sleep, 
565 

Pbiebtlet on respiration, combustion and 
oxygen, 310 
Propionic acid. 601 

Protective mechanisms of the eye, 447 
Proteid food, metabolic effects of, 363, 
883 

Proteids, 671, 572 ; action of gastric juice 
on, 189, 194 ; action of pancreatic juice 
on, 200; changes in stomach, 238; 
in the intestine, 242 ; absorption of in 
digestion, 250 ; as sources of fat, 341 
Proteolysis, digestive, theory of, 202 
i'rotoplasm, properties of, 1, 86, 90; in 
adipose tissue, 340 ; spinal, 473 
Protoplasm of embryonic tissues, 648 
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Prout, on digestion, 252 
Ptyalin of saliva, 180, 194 
Puberty, 642, 660 

Pulmonary respiration, meohanios of, 264 
Pulsation of the brain, 295 
Pulse, the, 103, 106, 131 — 140 ; sphygmo- 
graph tracings of pulse-waves, 185, 136; 
prediorotic and dicrotic waves, 138 
Pulse-waveH, primary, secondary, and re- 
flected, 131—140, 148, 804 
Pulsus venofeus, 296 

Pump action of the heart, 109, 111, 131, 
136 

Pupil of the ^e, its movements, 406, 514 
Purgative action of salts, 261 
Purkinje’s figures, 481, 432 ; on the effects 
of galvanic currents on the brain, 618 
Purple, visual, 414 
Purpurin in urine, 819 
Pylorus, 230, 232, 236, 238, 239, 241 
Pyrexia, 876 
Pyrosis, 236 

Python, temperature of, 372 

Quetelet, phases of life, 557 
Quinine, action of on reflex action, 476 

Babbit, quantity and distribution of blood 
in the, 30 ; muscle currents, 52 ; arteiiiil 
pressure, 102, 106; circulation, 114; 
heart-beat, 147 ; cervical and thoracic 
ganglia (diagram) 148 ; inhibition of 
heart-beat, 162 ; contractility of the 
arteries of the ear, 164 ; stimulation of 
depressor nerve, 162 ; saliva, 187 ; sub- 
maxillary gland, 222 ; blood-crystals, 
272 ; blood-pressure in respiration, 298; 
section of spinal cord, 338; effect of 
cold on, 376, 377; movements of the 
pupil, 409 ; spinal cord, 487 
Badial artery, pulse-wave in, 136 
Banke, on distribution of blood in the 
body, 31 ; perspiration, 313 ; nutrition, 
867, 369 

Banrome, Dr A., power of gastric juice, 193; 

movement of ribs in respiration, 260 
Bat, saliva of the, 187 ; blood-crystals, 
272 

Reaction period, 621 
Rectum, in deftecation, 283 
Red corpuscles of blood, their chemical 
composition, 13 ; their fate, 29, 271 
Reflex actions, 90 

Reflex actions, the spinal cord as a centre 
of, 471 ; characters of, 472 
Reflex actions, inhibition of, 474 
Reflex actions, parturition, 558 
Beflex centres, 471, 614, 620 ' 

Reflex inhibition of heari-beat, 146 
Beflex micturition, 829 
Regeneration of tissues, 541 
Reonault and Beiset on cutaneous respi- 
ration, 813 ; on nutrition, 386 
Beioh, secretion of tears, 448 
Bensd secretion, 817 


Rennet, 196 

Reproduction of the amoeba, 8 
Reproduction, tissues and mechanisms of, 
6, 641 

Besonants (voice) 534 
Respiration of the amoeba, 8, 4 
Respiration, tissues and mechanism of, 
253—810 ; mechanics of pulmonary 
respiration, 264 ; apparatus for taking 
tracings of movements of air (diagram), 
267, 268 ; changes of air in, 264; 
changes in blood, 207 ; in the lungs, 
281; in the tissues, 283 ; nervous 
mechanism, 288 ; effects on the circula- 
tion, 288; effects of changes in the air 
breathed, 302 ; modified respiratory 
movements, 808 
Respiration, cutaneous, 313 
Respiration as a regulator of temperature, 
374 

ReBpiration of the foetus, 560 
Respiration, failure of before death, 567 
Respiratory centre, 293, 294 
Respiratory curves, tracings of, 102 
Respiratory mechanisms, 7 
Respiratory muscles, 91, 93 
Rest, muscular exhaustion restored by, 77 
Retina, colour of the, 414 
Retching, 235 

Rheometer of Ludwig, for measurhig 
blood-pressure, 104 
‘Rheoscopic Frog,* 60, 63, 127 
Rhythm of heart-boat, 331, 142 ; of respi- 
ration, 256, 205, 289, 291, 293, 301; 
in asphyxia, 302 

Ribs, movement in respiration, 260, 262 
‘ Rich* colours, 414 
Rigor mortis, 72, 73, 81, 806, 373, 668 
Ringer, on diahotes, 339 ; daily variation 
in the temi)erature of the body, 880 
Ritter’s tetanus, 66 

Ritter- Valli, law of irritability of nerves, 
72 

Bohrig, on perspiration, 814; effect of 
cold on rabbits, 376; urari poisoning, 376 
Romanes, on contractile tissues, 67 
Rosenthal, respiratory function of vagus, 
and theory of nervous mechanism of 
respiration, 292 ; on reflex actions, 478 
Huge, gases in the large intestine, 243 
Running, 638 

Rutherford, vaso-motor nerves of sto- 
mach, 216 

Saikowksy, diabetes, 339 
St Pierre and Estob, seat of oxidation 
in respiration, 284 

Saliva, 183—188; its action on starch, 
184, 194 ; quantity of, 206 ; action of 
Buhmoxillary saliva, 206, 226, 238 ; 
in vomiting, 235 ; relation to taste, 461 
Saliva of infants, 557 
Salivary cell, nutrition of the, 881 
Salivary corpuscles, 186 
Salts, as food, 866 

Salts, in bile, 196 ; in blood, IS ; in urine. 
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817; absorptiou into blood and urine, 
251 

Samuel, effect of cold on rabbits, 877 
Sandebson, Bubdon, dicrotic pulse- wave, 
189 ; recording stethometer, 256 ; cere- 
bral oonvolntions, 505 
Sapbena artery of tbe rabbit, its contrac- 
tility, 155 
Sarkin, 617 

Scaleni muscles, 261, 288 
Schafer, red corpuscles, 28 
ScHABLiNG, on cutaueous respiration, 813 
ScHECH, on the larynx, 531 
Scheineb’s experiment on sight, 401 
ScHEREB, paralbumin and metolbumin, 
575 

ScHiFF, mechanism of digestive secretion, 
208; on secretion of bile, 223; move- 
ments of the oesophagus, 281; vomit- 
ing, 235 ; spinal cord, 483 ; functions of 
the brain, 619 

Schmidt, A., tibrinoplastin and fibrinogen, 
19, 25, 26; red corpuscles, 28; relations 
of neutral salines and of gastric juice, 
192; albomins, 575 

Schmidt and Biddeb, analysis of chyle, 
246; absorption of fat in digestion, 
241 ; researches on digestion, 252 
Schmidt, 0., composition of blood, 12, 13; 
on lardaoein, 589 

ScHMiEDEBEBG, cordiac accelerator nerves, 
149 ; hippuric acid, 354 
ScHCLTZE, Max, on dimensions of retinal 
cones, 419 ; olfactory cells, 458 
ScHULTZEN, on urea, 352 
ScHUTZENBEKGBB, ou proteids, 690 
ScHWABN, researches on digestion, 252 
Sciatic nerve, vaso-motor action of, 156, 
166, 166, 168 

Secretion by the ^n, 311 — 316 
Secretion by the kidneys, 817 
Secretion by the renal epithelium, 824 
Secretion of milk, 844 
Secretions, digestive {See Saliva, Bile, 
Pancreatic juice) 

Secreting tissues, 4, 5 
Semen, 545 

Semilunar valves of the heart, 123, 125, 
126 

Sensations, auditory, 452 

Sensations, tactile, 463 

Sensations, visual, 413 

Sense, muscular, 468 

Sense-organs, 395 

Sensible perspiration, 312 

Sensitive cells, 87 

Sensory fibres, 156 

Sensory nerves, 86, 96, 889 

Sequin, on perspiration, 311 

Serum, its chemical composition, 12, 14 

Serum-albumin, 574 

Setbchenow, inhibition of reflex action, 
474 (diagram) 

Sexual generation, 641, 646 
Shabpet, sounds of the heart, 126 
Sheep’s Uood, 22, 106, 272 ; saliva, 187 


Shbpabd, hippuric acid, 854 
Sighing, 809 
Sight, 397 — 448 

Sight, protective mechanisms of the eye, 
447 

Singing, 628 

SiNiTZEN, on trophic nerves, 882 
Sinus venoBUs, 143, 146 
Size, appreciation of, 444 
Size of the body ; phases of life, 656 
Skeletal muscles, loO, 480, 686 
Skeleton, growth of the, 501 
Skin, 5, 6; absorption by the, 316; secre- 
tion by the, 311 — 316 ; secretion by the, 
and kidneys, 317 
Skin, loss of heat from the, 373 
Skin, terminal organs of the, 462 
Sleep, 563 
Smell, 458 
Sneezing, 309 

Snellen, inflammation of the eye, 382 
Sobbing, 309 

Solidity, judgment of, 445 
SoLTMANN, cerebral areas in the newly- 
born, 659 

Sound, the voice, 627 

Sounds given by muscles, 66 

Sounds, musicfid, 453 

Spallanzani, researches on digestion, 252 ; 

respiratory changes in the tissues, 287 
Special muscular mechanisms, 527 
Spectra of haBmoglobin 271, 273 ; hcema- 
tin, 278, 279 
Speech, 532 
Spermatozoon, 8^ 641 
Spherical aberration in the eye, 410 
Sphincter vesic», 237 
Sphygmograph, 115, 130, 185, 140 
Spikss, temperature of submaxillary gland, 
379 

Spinal cord, section of, effect on blood- 
pressure, 167, 166; its action on re- 
spiration, 288; of rabbit, section of, 838; 
as a centre of automatic action, 478 ; 
as a conductor of impulses, 480; par- 
turition, 663 

Spinal nerves, 89, 90 ; roots of, 390 
Spirometer, 256 

Splanchnic nerve, vaso-motor action, 156, 
161 ; relation to gastric secretion, 216 ; 
relation to peristaltic movements, 229, 
232 ; and renal secretion, 823 
Spleen, the, 346 
Sporadic ganglia, 89 

Spbengel'b pump for extricating gas from 
blood, 268 

Stanniub, experiments on heart-beat, 
146 

Starch, action of saliva on, 184, 194, 238, 
240, 836; action of gastric juice on, 189; 
corpuscles, 240, 886; action of pan- 
creatic juice on, 199 ; as food, 863, 365 
Starvation, effects of, 356, 857 
Stasis in inflammation, 172, 173 
Statistics of nutrition, 855 
Stearic acid, 602 
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Stearin, 604 
StereoBOope, 441 
Stethometor, recording, 266 
Stethoscope, 66 

Stimulation, impulses in nerves produced 
by, 86 

Stimulation of afferent nerves, effect on 
vaso-motor centre, 163 
Stimulation of the chorda tympani, 212, 
229 

Stimuli, character of reflex actions depen- 
dent on the nature, 472 
Stimuli in aid of partmition, 654 
Stimulus, as affecting muscular contrac- 
^ tion, 68, 76 ; in unstriuted muscles, 82 
Stokks on the spectra of haemoglobin, 
310 

Stomach, secretion by, 214; action of 
gastric juice on the, 224; its move- 
ments in digestion, 232 ; its action in 
vomiting, 235 ; its action on food, 238 ; 
digestion in the, 238, 239 (See Pigos- 
tion) 

Strassburg’s researches on respiration, 
282, 283, 285 

SxROGANow, oxygon in the lungs in respi- 
ration, 282 

Stromuhr, or rheometer, for measuring 
blood-pressure, 104 
Strychnia, action of, 472, 474 
SuBBOTiN, fat of man and the dog, 342 ; 

the secretion of milk, 345 
Sublingual saliva, 187 
Submaxillary gland, secretion of saliva, 
206, 207, 222 ; of dog (diagram) 207 ; 
of rabbit, 222 

Submaxillary saliva, 187, 188 
Succinic acid, 607 
Succus entericus, 183, 204, 217 
Sugar, conversion of starch into, by the 
saliva, 184, 186 ; action of gastric juice 
on, 189; digestion of, 238; in small 
intestine, 240 

Sugar in urine, 323, 337 ; in the hepatic 
blood, 331; in the blood and urine, 
250, 334, 339 
Sugar, milk-sugar, 344 
Sugar as food, 363, 366 
Sulphur as an element of food, 366 
Suppression of urine, 327, 360 
SusLowA, lymph-hearts of the frog, 479 
Swallowing, 231, 239 
Sweat (See Perspirationl 
Sympathetic action, 164 
Syntonin, 33, 201 
Systole of heart, duration of, 119 

Tactile judgments, 466 
Tactile perceptions, 463, 466 
Tactile sensations, 464, 483, 622 
Tambour, Marey’s, for measuring blood- 
pressure (diagram), 117, 268 
Tarchanoff, on the spleen, 347 
Tartar emetic, effects of, 237 
Taste, 460 
Taurin, 619 


Taurocholic acid, 624 
Tears, 448 

Teeth, action in mastication, 226 
Temperature, its influence on muscular 
irritability, 75; on ciliary action, 84 ; on 
the saliva, 185 ; on the gastric juice, 192 
Temperature of man and other animals, 
872, 377 

Temperature, its effect on animals, 876 
Temperature, sensations of, 464 
Temperature (See Cold, Heat) 

Tension of the gases of blood and pul- 
monary air, 282, 286, 286, 287 
Terminal organs of the skin, 463 
Tests for proteids, 673 
Tetanus, 44, 46, 57, 66, 68, 77 ; sound in, 
128 

Tetanus, Bitter’s, 66 
Thermogenic nerves, 877, 379 
Thiry, on succus entericus, 204 
Thoracic duct, 246 

Thoracic respiratory movements, 256 ; 

effect of on circulation, 296 
Thudichum, on pigments in urine, 318 
Thymus, 561 

Tiedemann, researches on digestion, 252 
Time required for reflex actions, 478 
Tissues, fundamental, 4 
Tissues, contractile, 32 — 84 
Tissues, embryonic, 649 
Tissues, metabolic, 330 
Tissues, nervous, properties of, 85 — 96 
Tissues of chemical action, and their me- 
chanisms, 183 — 252; digestion, 183— 
252 ; respiration, 263 — 310 
Tissues of reproduction, 541 
Tissues, respiratory, changes in the, 281 
Tissues, the death of, 668 
‘ Tone’ of arteries, 166, 158, 169, 166, 168 
Tongue, its action in mastication and 
deglutition, 225, 226, 227 
Tonicity of skeletal muscles, 480 
Torricellian vacuum for extracting gas 
from blood, 268 
Touch, 462 

Tracings of respiratory movements, 266 ; 
blood-pressure curves and intra-thoracio 
pressure, 298 (See Diagrams) 
Transfusion of blood, 28 
Traube's curves, of blood-pressure in 
respiration, 300, 801, 304 
Tricuspid valves of the heart, 123, 125 
Trophic nerves, 381, 391 
Trypsin, 202, 204 
Tschbsohichin, bodily heat, 878 
Tuhuli urini/erif 317 
Turtle’s heajdi-beat, 142 
Tj rosin, 200, 202, 242, 621 

Undulations of blood-pressure in respira- 
tion, 800 

Unstriated muscular tissue, 82 
Uraemic poisoning, 350 
Urari poison, its effects on contractile 
tissues, 36, 67; its effect on heart-beat, 
145, 146; its effect on oerebnd functions, 
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168, 165; on chorda tympasiii 814; on 
vomiting, 236; on respiirntmt 289; 
in prodooixig diahetes, 888, 876 
Urea, 681 ; ptrceenoe in perspbrationy 811, 
818; effect on secretion A nrixic, 821 ; 
secretion of, 326; and its allies, the 
history of, 848 — 855; rdatimx to mns- 
oolar excise, 369 

Ureter, peristaltic contraetion of the, 90, 
98; in micturition, 827 
Urethra, 827 

Uric acid, 534; source of, 858; in the 
spleen, 348 ^ 

Urine, compositicm of, 817, 819 ; secretion 
of, 820 ; act of ndotorition, 827 ; kreatin 
in, 848 ; hippiiric acid in, 854 ; average 
loss by, 369 
Urine of infancy, 668 
Urine, sngar in, 250 
Uriniferotts tubules, 821 
Urobilin in nrine, 819 
Urochrome, 818 
Uroerythrin in urine, 819 
* Uterine milk,' 548 

Uterus, in menstruation, 542 ; in parturi- 
tion, 558, 554 


08; hannataohometer for measuring 
blood-pressure, 105 
Villi, acdon of the, in absorption, 247 
Visiim, region of distinct, 429; the re- 
action period, 622 (See Bight) 

Visual judgments, 444 
Visual perceptions, 427 
Visua* )urple, 414* 

Visual sensations, 418 
* Vital oiq>aoity ' of the Itt^s, 255 
Vital Phenomena of the circulation, 140 — 
179 

ViteUin, 562 
Vocal cords, 225, 465 
Voice, the, 627, 582, 584 
VoiT, changes of air in respiration, 260 f 
effects of starvation, 866; nutrition, 
860, 868, 865, $69, 886; sleep, 565 
VoLKMANN, researches on blood-circula- 
tion, 108, 106, 179; lymph-hearts, 479 
Vomiting, 236 
Vowel-sounds, 532 

VuLPiAU, vaso-motor action, 169; on 
union of motor and sensoiy nerves, 
893 ; on conduction of impulses in the 
spinal cord, 483 


Vagus, cardlo-inhibitory action of, its 
effect, 144; relation to movements of 
stomach, ^1; to vomiting 286; respi- 
ratory function of the, 290 
Vagus and the secretion of urine, 828 
Valerianic acid, 601 
Valves of the heart, 122 — 126 
Varnishing of animals, its effects, 814, 880 
Vascular mechanism, 6, 96—179; physical 
phenomena of the circulation, 96 — 140 ; 
the heart, 113—181; the piilse, 181 — 
140; vitfd phenomena of the circula- 
tion, 140 — 179; changes in the heart- 
beat, 141; in the calibre of the minute 
arteries, vaso-motor actions, 164; 
changes in the capillary districts, 171; 
in the quantity of blood, 174 
Vaso-motor actions, 164 
Vaso-motor action, relation to secreting 
activity, 211 

Vaso-motor centre, 167, 168; relation to 
afferent nerves, 162, 164; relation to 
respiratoiy centre, 299; relation to 
Xfual secretion, 822 
Vaso-motor m6Qhanisni& local, 166 
Veins, 97, 106, 107, 109; effect of respt 
ratory movements on the, 298 
Velocity of the flow of blood, 108, 106, 111, 
115; of the pulse- wave, 188; of seuBory 
impulses, 893 ' 

Venous blood, 267, 276, 280, 282, 288, 
287, 298 

Venous pulse, 181 
Ventricle of tbe heart, 110, 112 
Vertigo, 495, 518 

ViEBoapqE^ circulation of blood in retina. 
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Waij>eteb, lymph-hearts, 479 
Walking, 637 * 

Waller, A., vascular mechanism, 179 
Wasuann, researches on digestion, 252 
Weber, pulse- waves, 134; muscular con- 
traction, 81 ; on visual sensations, 419 ; 
on tactile perceptions, 466, 470 
Weight of the body; phases of life, 566 
Weisee and Wildt, on nutrition, 364 
Wharton's duct, 210 
Whispering, 636 
White corpuscles, 14, 28 
Williams on menstruation, 643 
WiEooRADOFF, diabetos, 889 
Winking, 447 

WiBLicENTJB, on UToa and muscular exer- 
cise, 869 

WiTTicH, diabetes and digestion, 262, 296, 
849 

WoLFERZ, secretion of tears, 448 
WoLFVBXBG, researches on respiration, 
283 

WoRosoHiLOFF OH roflox actioufi^ 477, 486 
WuEBT, spinal ganglia, 392 

Xanthin, 348, 855, 617 


Yawning, 809 







